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A theory has been formulated which states that the 
rate of heat rejection from the cylinder gases of an 


internal combustion engine may be approximated by the 


4: сонати АТ Cp(Ae SE" (1) 


where n is an exponent less than unity. For a given 


equation 


engine operating at constant fuel air ratio and water 


jacket temperature equation (1) takes the form 


q = CONSTANT (5 x \MEP)" (2) 
The theory predicts that geometrically similur engines 
all have the same value of n. The relation between heat 
rejection and engine size for geometrically similar 
engines operating at the same piston speed and IMEP 


is given by 


{з > CONSTANT (ЛЕ (3) 


E 





The purpose of this thesis was to investigate the 
validity of the theory with respect to the effect of 
engine size on heat rejection. Three geometrically 
similar spark ignition internal combustion engines 
installed in Sloan Laboratory were used in this 
investigation. 

The results of this study give, for the M.I.T. 
G.S.E., a value of „6 for the exponent n defined in 
equation (2) and a value of .9 for n in equation (3). 
By theory these two values should be the same. The 
results, therefore, indicate that as engine size increases, 
more heat per unit area is rejected than predicted by 
theory. 

Since this study represents the first attempt to 
correlate engine size and heat rejection, it is 
recommended that further studies be conducted on the 
M.I.T. G.S.E. with particular emphasis on the effects 
of friction, spark advance, and thermal efficiency on 
heat rejection. It is further recommended that attempt 
be made to measure separately the heat rejected to the 
cylinder walls, cylinder head, lubricating oil and in 


the exhaust gas. 
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NOMENCLATURE 
Constant 
Brake horsepower 
Brake mean effective pressure 
Best power spark advance 
Degrees before top center 
Specific heat at constant pressure 
Diameter 
Volumetric efficiency 
Lower heating value of fuel 
Fuel air ratio 
Friction horsepower 
Friction mean effective pressure 
Mass velocity 
Geometrically similar engines 
Brake scale absolute reading 
Coefficient of heat transfer between fluid and surfece 


Local individual coefficient of heat transfer for the 
inner surface. 


Local individual coefficient of heat transfer for the 
outer surface 


Indicated horsepower 

Indicated mean effective pressure 
Thermal conductivity of fluid 

Thermel conductivity of cylinder wall 
Overall dynometer constant 

Orifice flow coefficient 
Characteristic dimension 


Exponent 
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2% 
Air flow rate 
Fuel flow rate 
Exponent 
Revolutions per unit time 
Atmospheric pressure 
Exhaust pressure 
Inlet air pressure 
Pressure drop across orifice 
Absolute pressure 
Gage pressure 
Rate of heat flow 
Rate of heat flow 
Reynolds number 
Revolutions per minute 
Piston speed ft/min 
Spark advance 
Mean gas temperature minus wall temperature 
Fuel temperature | 
Cylinder head temperature 
Inlet air temperature 
Water jacket temperature 
Local overall heat transfer coefficient 
Local velocity 
Displacement volume 
Cylinder wall thickness 
Orifice espansion factor 
Brake thermal efficiency 
indicated thermal efficiency 





Nm Mechanical efficiency 
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Function 
Absolute viscosity 


Density 





INTRODUCTION 

The principle of similitude has been used as a tool 
by the Naval Engineer and Naval Architect since the days 
of William Froude, in 1870, to predict the performance of 
ships and propellers from the results of small scale 
model tests. The concept of dimensional analysis and 
its application to controlled model experiment have 
become a powerful tool in producing a рана solution 
to design problems in many engineering applications, 

In the past twenty years a considerable amount of 
theory has been developed [1] concerning the performance 
and behavior of geometrically similar internal combustion 
engines. The validity of certain relations such as p 
weight, gravity and inertia stresses can be demonstrated 
by mathematical proof [2] , but the more complex relation- 
ships of heat rejection, combustion and detonation, 
friction and wear cannot be predicted by.theory alone 
nor proved mathematically. The M.I.T. Geometrically 
Similar Engines, described in Appendix A, have therefore 
been built as a means of attacking these and other complex 
problems through controlled experimentation on equipment 
which faithfully fulfills the conditions of similitude 
as they are presently understood, 

Because of high cyclic temperatures existing inside 
the cylinder of an internal combustion engine while 
operating, it is necessary to remove heat from the 


cylinder and associated metal parts to prevent destruction. 
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This is universally accomplished by circulating a cooling 
fluid, usually water, oil, or eir, in or around the cylinder 
walls and heads. In a closed loop water cooling system some 
means must be provided for removing the cylinder heat 
from the cooling fluid before it can be recirculated. 
In order to design such a means, it is desirable to be 
able to predict the amount of heat which must be removed 
from a given engine and how this amount of heat will vary 
as the size of the engine is varied. The purpose of this 
study is to determine by experimentation with the M.I.T. 
Geometrically Similar Engines the effect of engine size 
on heat rejection. Although the problem is here applied 
specifically to the internal combustion engine the 
broader implication to the problem of relating size and 
behavior of any power unit is obvious. 

The general relation for the heat transferred from 
one fluid through a solid wall to another fluid was 
first expressed by Newton as 

dq: UdAAt (1) 

For this case, considering no foreign material such as 
scale on either side of the solid wall, the local 


overall heat transfer coefficient U may be defined as 


follows: 

га С aus 

2D ^ ha WEB T he (2) 
where hj &nd ho are the "local individual coefficients 


of heat transfer"* for the inner and outer surfaces 


“McAdams, W. H., Heat Transmission, McGraw-Hill, N.Y., 1942. 





respectively, and x, and k, are the thickness and thermal 
conductivity of the solid wall. The terms of equation 
(2) may be considered as resistances to heat flow. 

Since the thermal conductivity of metals, k,, is large 
compared to x, in engines of usual size, the resistance 
-%5 is small. Іп the case of an engine cooling system, 
where heat must be transferred from a hot gas through 

the cylinder, to a coolant, the value of hy, may also be 
very large compared with hi as long as the coolant in 
contact with the wall remains a liquid. Therefore, 

with hg and ky large, as is the case for an engine, hy 
becomes the controlling factor in determining the 

overall coefficient U, and hence the amount of heat 
transferred. In order to determine a relationship for 
h;, let us compare the geometry of an engine cylinder 
with the geometry of shapes for which heat transfer study 
has been made. The engine cylinder most closely 
approximates a pipe. For this case McAdams in reference 


[6] gives by dimensional analysis 


= ap = 9 (2% y Et) (3) 
which may be rewritten as 


AL. UL О 
y ARS? е) (h) 
Assuming a power function McAdams rewrites (lL) in the 


following form 


AL = CONSTANT (24) сва ут (5) 


Ж 





Since from (1) 


h= ЖААТ 


Hi р)" 


q" аточ)" 20) A)" 


For gases 


C . 
“se Constant fa (Cp) CONSTANT 


Then equation (8) may be written as 


$ =b AAT Cp (pu)? (Ln 


Te 


(6) 


(7) 


(8) 


(9) 


(10) 


Applying equation (10) to the transfer of heat from gases 


in an internal combustion engine through the cylinder 


walls, if we take the density of the gases in the 


cylinder as represented by inlet density times volumetric 


efficiency, and the velocity as represented by piston 


2 
speed, and the heat transfer area as proportional to A 


we get 


$ = b(4)(861)Cp (Pie 5)4) ا‎ 


mer) 


where AT is some mean gas temperature minus the wall 





temperature, /О; is the inlet density, e the volumetric 
efficiency, S the average piston speed, 4 some mean 
gas viscosity, and £ some characteristic dimension. 

Equation (11) is an approximation at best and its 
application involves theoretical difficulties. The 
velocity of the gas during exhaust blowdown at the 
exhaust valve is equal to the speed of sound in the gas 
and is independent of the piston speed. AT, Cr, P, A, 4, 4 
and the speed of sound vary continuously during the 
cycle. Further, the temperatures of the surfaces in 
contact with the gases are not all the same. However, 
despite the limitations involved, experiments on 
individual engines [1] , where № the size factor is 
a constant, have shown that equation (11) gives a good 
approximation for the rate of heat transfer from 
cylinder gases. The authors propose to determine 
in this study whether or not equation (11) may be used 
to approximate the rate of heat transfer for an engine 
in which the size is varied. By using the three 
Geometrically Similar Engines, we have in effect, one 
engine whose size has been varied. Geometric similarity 
is confined to the engines themselves; however, 
associated equipment is such that similarity of 
operating conditions may be maintained. 

To the best of the authors! knowledge these engines 
are the only set of geometrically similar engines in 
existence; as no prior work on heat rejection has been 


done using these engines, this study represents the 
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first attempt at direct experimental verification of 
equation (11) with size as a vaniable, 

In order to obtain data which may be correlated 
with engine size, the effect of other variables 
appearing in equation (11) must be eliminated by 
maintaining them similar or constant for the three 
engines. This involves maintaining the specific heat 


C. and the viscosity 4f of the working gas, AT, the 


p 
temperature difference between the working gas and the 
cylinder wall, and the product (Aes) constant. 

Ср and 4 are functions of the gas temperature. 
Therefore if the average gas temperature is constant, 
Ср апа 4 will be constant. The gas temperature is a 
function of the fuel air ratio, if the compression 
ratio and thermal efficiency are constant. With 
compression ratio and fuel-air ratio constant, the 
thermal efficiency is dependent on spark advance. The 
point of optimum spark advance (greatest output) varies 
with load and with speed. If spark advance is maintained 
constant, thermal efficiency will vary with load and speed. 
Varying thermal efficiency will vary the exhaust gas 
temperature, and hence vary the average gas temperature. 
However, theory predicts [2] and experiments have 
verified [3] that, at constant load and speed, similar 
engines have the same thermal efficiency at the same spark 
advance. Therefore, for similar conditions of operation, 
speed and load, thermal efficiency and average gas 
temperature will be constant, and therefore Ср and M К 


the viscosity, will both be constant. In addition, 
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the results of other experiments indicate that the 

change in the rate of heat transfer is not large when 

the spark advance is changed a small amount [1] . 

In view of the above, it appears that the error introduced 
by using a constant spark advance for all the engines at 
all conditions of load and speed may be neglected. 

As the siZe of the engine is varied, another 
difficulty is encountered. For geometrically similar 
cylinders of different sizes % varies as АТ А!" ' 
ог ATL)" if all other conditions are constant, 

By dimensional analysis it may be shown that for heat 
flow through any solid body, in this case the cylinder 


wall, 
2: Kur Аалы $ (В., В», К»,---- Ви) (12) 


where Rj, R2, R3, are ratios describing the shape of the 
body, and AT, is temperature drop in the cylinder wall. 

If equations (11) and (12) are to give the same 
results, and assuming that the gas temperature is the 
same in vach case, AT, in equation (12) must be 
varied as Í" +o keep OT in equation (11) constant. 
This means that in order to have the same temperature 
drop across the cylinder walls of similar engines, the 
temperature of the cooling fluid would have to be 
lowered as A is increased. This may be impracticable 
or undesirable when changes in size are made. However, 
if the thermal conductivity of the cylinder wall is 


large, the temperature drop through the wall will be 
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small if its thickness is a reasonable size. Since 
this is the case, the drop through the wall will be 
small in comparison with the total temperature drop 
from the gas to the cooling fluid. Therefore as an 
approximation the temperature difference AT in 
equation (11) may be considered constant for the three 
engines. 

The product (pie 5 ) in equation (11) is not 
dependent on size and must be held constant if 
correlation with size is to be obtained. At constant 
gas temperature and thermal efficiency, as has been 
assumed, the mean gas density represented by (fe) 
is proportional to the indicated mean effective 
pressure. Consequently, equation (11) may be written 


in the form 
de const(IMEP xS (LT (13) 


The IMEP is equal to the sum of friction mean effective 
pressure, which may be measured, and the brake mean 
effective pressure which may be measured and controlled. 
The piston speed, S, may be measured and controlled, 
therefore the product (IMEP)x(S) may be measured and 
varied for each engine within the limits of its operating 
range. At any operating point where the product (IMEP)X(S) 
is the same for the three engines the effect of this 
variable will be constant and may be eliminated. 

It is seen that the effect of all factors not 


dependent on size in equation (11) may be eliminated. 
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The equation in its simplest form relating engine size 


to heat rejection may, therefore, be written as 


In: = constant ( £)" (14) 


Equation (11) predicts that heat rejection, with 

рг, е, 9. ка Ср, and _4/ constant, is dependent 
on AT . Neglecting the variation in the temperature 
drop through the cylinder wall as size is varied, AT , 
with the gas temperature constant, is dependent on the 
average jacket temperature. Therefore, if heat rejection 
is plotted against the average jacket temperature, this 
curve may be extrapolated to the point at which no heat 
will be rejected. The temperature of the jacket at 
this point should be the same as the average temperature 


of the working gas in the cylinder. 
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PROCEDURE 

The experimental procedure used was to maintain 
similarity of operating conditions between the three engines. 
The data obtained were such that correlation between engine 
size and heat rejection could be obtained by eliminating 
the effects of non-related variables by maintaining their 
effects constant. If curves of heat rejection plotted 
against the product of the load and the speed factors (Q;e 35) 
for each engine (j sconstant) are obtained, cross plots may 
be drawn at constant (pe S), over a range of values, 
yielding curves of heat rejection plotted against the size 
factor £. 

The procedure described above, yielded information 
relating heat rejection to the output of the engine. The 
same procedure also yielded information relating heat 
rejection to the input to the engine, which, at constant 
fuel air ratio may be measured by the amount of air taken 
by the engine. 

Likewise, data were obtained by which heat rejection 
may be related to the jacket temperature or AT , the 
effect of other factors being eliminated as far as possible. 
This was achieved by maintaining speed, air consumption at 
constant fuel air ratio, and all other operating variables 
constant or similar for the three engines while the average 
jacket temperature was varied independently. 

In order to preserve similarity between the engines, 


lubricating oils were used with varying viscosity so that 
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the ratio (M/f ) at 2500F was constant for the three engines. 

For all runs, data were taken only after conditions had 
stabilized. The length of time between readings and the 
number of readings taken were determined by the degree of 
stability attained, During all runs at least 2 observers 
were present to maintain preoise control and to insure 
nearly simultaneous data observation, Рог most runs 
satisfactory stability was easily obteined and maintained. 

The actual values chosen for each of the operating 
variables in each series of test runs and the measuring 
means are given below. 

Friction runs: 

FMEP was measured by motoring each engine. This was 
done with electric dynamometers, and a hydraulic scale. 
Piston speed was arbitrarily varied over a range of 600 
ft/minute to 2000 ft/minute and FMEP was measured at constant 
exhaust pressure and three inlet pressures for each piston 
speed. Thus a family of curves was obtained for each engine 
from which the FMEP may be read for any speed or inlet 
pressure by interpolation or extrapolation. 

Firing runs on the 25" engine indicated that with an 
inlet air temperature of 150°F, which was used for friction 
runs on that engine, fuel evaporation was incomplete. 
Therefore a value of 160°F was chosen, and this value was 
used for the friction runs for the 6" engine. However, as 
the inlet air temperature has small effect on the pumping 
friction only, it was decided that the friction data obtained 


for the 24" and 4" engines were adequate, for the purpose 


intended. 
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The dynamometer zero position was determined by taking 


an average of 20 steady state zero positions reached after 


displacement from rest. 


Ihe dynamometer coupling was 


disconnected during this determination. 


After a zero 


reading was found, the scale was adjusted to read zero, 


SUMMARY OF OPERATING VARIABLES 


Variable 


Air consumption 


Air inlet temperature 
Main bearing temperature 
Air inlet pressure 
Exhaust pressure 

Oil sump temperature 


Main bearing oil supply 
temperature 


Oil pressure 
Piston speed 


Water circulation rate 
through jacket 


Water jacket temperature 


FMEP 


Heat Rejection Runs: 


Value 
Not controlled 
160°F 
Not controlled 
28" Hg to 10" Hg 
(absolute) 
1! Нг 
15008 


Not controlled 
50 psi 
600-2000 ft./min. 


.04 1b/sec/in? 
1450F 
Variable 


Means of Measurement 
Standard ASME square 


edged orifice, (AP air 
by water manometer) 
Thermocouple in inlet pipe 
Thermocouple 

Mercury manometer 

Mercury manome ter 


Mercury thermometer 


Mercury thermometer 
Bourdon pressure gauge 


Stroboscope and tachometer 


ASME standard orifice 


Mercury thermometer 

Dyn. & Hydraulic scale. 
Scale reading by mercury 
manometer. 


The procedure for firing runs was similar to that for 


friction runs in that piston speed was arbitrarily varied 


over a range of 600 ft./min. to 2000 ft./min. and inlet 


pressures were varied at each speed to give a range of 


BMEPS. 


Operating conditions were controlled as far as 


possible so that the friction curves would be directly 


applicable to obtain the IMEP at which the engine was 





10, 


operating during each run. 

At low speeds some difficulty was experienced in 
maintaining stable conditions at low brake loads. This 
difficulty was partially eliminated by changing the size of 
the air orifice for low loads. The orifice sizes chosen 
were such that the pressure drop across the orifices were 
sufficient to insure accurate air measurements. 

The cooling water system used was so designed that 
only a portion of the water being circulated was cooled. 
The cooled water was then mixed with the uncooled water 
and recirculated through the engine. This was done in 
order to obtain a large temperature difference and thus 
increase the accuracy of the heat rejection measurement. 
The portion of the water to be cooled was determined 
arbitrarily, but, was such that a large temperature drop 
across the cooler was obtained while maintaining constant 
circulation rate through the engine water jacket. The 
recirculating portion of the cooling water system was 
insulated to prevent excesSive unaccountable heat losses. 
The fuel-air ratio chosen was .078 pounds fuel per OUR 
of air. This value, being a rather rich mixture, was 
chosen so that unavoidable variations in fuel-air ratio 
would have a little effect as possible on heat rejection. 
Fuel-air ratio of .078 also makes it possible for later 
workers to enter these data on Hottel charts in studying 
fuel-air cycles of similar engines. Although a previous 
investigation (3) indicated that the fuel-air ratio for 


best power for these engines is .073, it was decided that 
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a richer mixture would probably insure more nearly similar 
conditions, It was also observed from brake reading that 
.075 is lower than the actual best power fuel-sir ratio. 

The gasoline used was a commercial unleaded automotive 
fuel. An unleaded fuel was used to prevent lead deposits 
on the heat transfer surfaces which would alter the heat 
transfer characteristics of the surfeces during the period 
of testing. Before taking any data, the cylincer heads 
were removed and cleaned to remove the lead deposits 
resulting from previous firing of the engines. The cooling 
system was flushed with detergent and refilled with a weak 
rust prevention solution (potassium chromate). 

After investigating previous work on these engines 
(3) it was found that best power spark advance varied 
from twenty to forty degrees depending on bore, RPM, and 
Е. It was decided that 25 degrees spark advance was a 
good mean value at which all engines would operate 
satisfactorily at all conditions planned; therefore this 
value was used for all runs. 

The spark plugs assigned to the engines are as 
follows: 

6" engine - Champion 7 or equivalent 

4" engine Champion J8 or equivalent 

25" епащие  - Champion Y-4A or equivelent 

These plugs represent the medium heat range, being 
neither hot nor cold. Because the low density of charge 
at the higher vaeuum runs makes wide spark gap desirable, 


a gap of .035" was selected for all engines and all runs. 





TOS 


SUMMARY OF OPERATING VARIABLES 


Variable 
Air consumption 
Air inlet temperature 
Air inlet pressure 
Main bearing temperature 
Exhaust pressure 
Oil sump temperature 


Oil to bearings 
supply temperature 


Oil pressure 
Fuel - air ratio 
Fuel flow rate 
Fuel temperature 
Piston speed 


Water circulation rate 
through jacket 


Water jacket temperature 


Water circulation rate 
through oooler 


Water temp. difference 
through cooler 


BMEP 


Value 
Measured variable 
160°F 
As noted above 
Not controlled 
1" Hg 
150°F 


Not controlled 
Approx. 50 psi 
.078 

As required for 
const. F 

Not controlled 
600 ft./min. 
2000 ft./nin. 
.04 1Ъ/зес/1п2 


145°F average 
Measured variable 


Measured variable 


Measured variable 


Means of Measurement 
Standard ASME square 
edged orifice. (AP air 
by water manometer) 
Thermocouple 

Mercury manometer 
Thermocouple 

Mercury manometer 


Mercury thermometer 


Mercury thermometer 
Bourden pressure gauge 
Calculated 

Calibrated rotameter 
Mercury thermometer 


Stroboscope 


ASME standard orifice 


Mercury thermometer 
Calibrated rotameter 


Mercury thermometer 
Dynamometer and hydraulic 
scale. Scale readings by 
Mercury manometer. 


Heat Rejection at Varying Jacket Temperature: 


Data were taken at only one condition of speed and 


load. 


A piston speed of 1200 ft./min. and inlet pressure 


of 3" Hg. vacuum when the average jacket temperature was 


145° were chosen as operating points. 


As the jacket 


temperature was varied from 1459, the air consumption 
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was maintained at the same value, rather than the inlet 
pressure. This was done to eliminate dependence on 
equal volumetric efficiencies for similarity between 
the three engines. Unequal volumetric efficiencies 
were possible because of the dissimilar air intake 
systems. Otherwise operating procedure was the same 

as for the heat rejection runs described above. Data 
for as wide a range of average jacket temperatures as 
was possible to obtain, with the equipment used, were 


taken. 





Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 


ТТ 
III 
IV 


VI 
VI-A 
VII 
VIII 
IX 


XI 
XII 
XIII 
XIV 


Friction MEP (Motoring) 
Friction MEP (Motoring) 
Friction MEP (Motoring) 
Friction MEP (Motoring) 


2 


RESULTS 


versus Piston Speed, 25" G.S.E. 


versus Piston Speed, 4" G.S.E. 


versus Piston Speed, 6" G.S.E. 


versus Piston Speed, Three G.S.E. 


Heat Rejection versus (S) (IMEP) 


Output versus Input 


Output versus Input 


Heat Rejection versus Air Flow ~ Мо 


Heat Rejection versus Air Flow - Maf L 


Heat Rejection versus Size at Constant Air Flow 


Size versus Heat Rejection at Constant Piston Speed 
and Inlet Pressure 


Heat Rejection 
Heat Rejection 
Constant Water 
Heat Rejection 


Heat Rejection 


versus 
versus 
Jacket 
versus 


versus 


Air Consumption 

Cylinder Head Temperature with 
Temperature 

Water Jacket Temperature 


Cylinder Head Temperature with 


Various Water Jacket Temperatures 
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DISCUSSION 

Friction 

In order to ascertain IMEP for the heat rejection runs 
it was decided to measure BMEP by the dynamometer and add 
FMEP read from curves to obtain IMEP. The curves were 
constructed from data obtained by motoring the engines, 
and fair correlation of the individual engines was obtained. 
However, when the data are plotted for the three engines 
at constant inlet pressure there is poor correlation 
of results. Theory states that FMEP due to viscous 
friction will be equal for similar engines when the ratio 
of the lubricant viscosity to a characteristic dimension 
is the. same for each engine. FMEP due to coulomb friction 
is considered proportional to load, represented by ІМЕР, 
and should also be equal for similar engines. 

Determination of FMEP firing from motoring test 
data is a questionable procedure. Such factors as lower 
gas pressure in the cylinder, lower piston and cylinder 
temperature, cleaner and cooler oil on the cylinder walls 
and the different pressure differential during the exhaust 
process make a correlation of motoring and firing friction 
uncertain. However, the errors introduced by these factors 
are not all in the same direction and their effects tend 
to cancel. Therefore, in many cases, it may be justified 
to take motoring friction as approximately equal to firing 
friction. 

The results of the friction runs are shown in Figures 


I, II, and III, Figure IV shows a comparison of the FMEP 
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for each engine at the same conditions. This comparison 
clearly shows that the friction for the three engines was 
not in accordance with theory. This fact has previously 
been reported by Gaboury et al. in reference (3) , and is 
not entirely unexpected considering the complex nature of 
friction and the difficulty in maintaining the ratio of 
oil viscosity to the linear dimension constant. 

Heat Rejection 

Figure V is a plot of equation (13) for each engine, 
M a constant. This curve clearly shows tbe effect of 
size on heat rejection. As theory predicts, the rate of 
heat rejection from the smaller engines per unit area is 
greater than that for the larger engine. One of the 
variables of this curve is IMEP. There is some doubt as 
to the accuracy of the measurement of this quantity, 
because of the inherent inaccuracies present in taking 
motoring friction as a measure of firing friction. 

As a check on the accuracy of the measurement of 
FMEP, Figures VI and VI-A were plotted. These are plots 
of input versus output as measured. If, as theory predicts, 
indicated efficiencies for similar engines are equal at 
similar conditions, these plots would result in a single 
line for the three engines. In the actual plot of Figure 
VI there was a marked difference in output for a given 
input with change in size. If the three engines do not 
have equal efficiencies for similar conditions, the 
deviation from a single straight line could be explained 


on this basis. The deviation could also be explained if 


ТЕПТЕ 
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it were to be determined that the values of IMEP used 
are actually in error. This latter explanation is 
probably the true one, Other investigators [5] һауе 
reported differences in motoring friction and firing 
friction. The assumption that motoring friction would 
be sufficiently accurate was apparently unjustified in 
this case. 

Therefore, rather than attempting to correlate heat 
rejection for a given output, the measurement of which is 
doubtful, a plot which shows the relation between heat 
rejection from the engines and inputs to the engines was 
made. This plot is shown in Figure VII. At constant 
thermal efficiency, which may properly be assumed when 
conditions are similar, output is proportional to input. 
In this Figure VII, input is measured by the air 
consumption of the engines. In order to obtain 
correlation between the various engines the plot shown 
in Figure VIII was made. This plot which eliminates 
the uncertainties due to output measurement, provides 
a valid basis for determining the effect of size on heat 
rejection. 

Figure VIII is similar in form to Figure V, though 
the curves for the three engines are more closely grouped. 
For a given engine, 2 constant, equation (13) may be 


reduced to 
и 
+ а const. [ume Pr S)J (15) 


Theory predicts that the value of МА in equation (15) 
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is the same for similar engines. In Figure VIII, equation 
(15) plots as a straight line for each engine. The slopes 
of the curves give values of .688, .651, and .578 for the 
exponent M for the 25", 4" and 6" G.S.E, respectively. 
The difference in values of N may be explained by 
considering the variation of thermal efficiencies caused 

by using constant spark advance. A lower thermal efficiency, 
at constant fuel air ratio, means a higher exhaust 
temperature. <A higher exhaust temperature raises the 
average АТ . Since the rate of heat flow is proportional 
to the temperature difference, a lowering of thermal 
efficiency would result in a greater heat flow. With a 
spark advance of 250 used in this study, it is likely that 
for a given engine the thermal efficiency at low speed 
would be greater than at high speeds. Considering this, 

it appears that a higher rate of heat flow was actually 
present at high speed than would have existed had spark 
advance been adjusted with speed to maintain constant 
thermal efficiency. The order of magnitude of the error 
introduced by neglecting this consideration is believed 

to be small; however the tendency of брана: б for this 
error would be to rotate each line in a clockwise direction 
about the lower end. If theory is correct in predicting 

a greater rate of heat rejection from the smaller engine, 
the curve for the 25" engine would be rotated a little 

more than the curves for the larger engines. This would 
tend to make the exponents И more nearly equal for the 


three engines. Therefore, it is concluded that similar 
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engines do have & constant value for the exponent n in 
equation (15). This value is approximately .6 for the 
meet. GSE. 

Figure XI shows the relation of heat rejection to 
input on the basis of total rather than heat rejection 
per unit area as is shown in Figure VII. The orientation 
of the curves with respect to each other is different 
from Figure VII because of the difference in total heat 
transfer surfaces of the three engines. The values of 
n obtained from these curves are the same as those read 
from Figures VII and VIII. 

Figure VIII may be used as a basis for determining 
the effect of size with other conditions similar or 
constant. This may be done by making a cross plot at 
constant rate of air flow per square inch. The results 
of such a cross plot are shown in Figure IX. The two 
curves plotted were taken at different points of constant 
input. The slope of these curves should be the exponent 
(n - 1) in equation (1l). The fact that the slopes 
are different may be explained by considering the effects 
which made the various nts different in Figure VIII. The 
correction to Figure VIII discussed above would tend to 
make the slopes of the curves in Figure IX more nearly 
equal. The actual values of n found from the cross plots 
vary from .96 to „832. These values are in variance with 
the value predicted by theory. Theory predicts that the 
value of n should be the same as those obtained from 


plotting equation (15). 





In order to check the conclusions which may be based 
on the results shown in Figure IX, Figure X was plotted. 
Figure X is a plot of actual measured rate of heat 
rejection from each engine at constant piston speed and 
inlet pressure versus engine size. Under these 
conditions, the thermal efficiency of each engine is 
constant. With constant F, all factors except size in 
equation (11) are constant for the three engines. The 
values of n so obtained from curves in Figure X are 
.90 and .805. The difference between the two values 
so obtained may be explained by inherent inaccuracies in 
experimental measurement. These values of n obtained by 
this method are substantially in agreement with those 
obtained by the cross plots of Figure IX and both are in 
variance of the value .6 predicted by theory. This study 
indicates that the theory is correct in predicting that 
a large өпімте Жа. reject less heat per unit area of 
heat transfer surface than a smaller engine, but that the 
theory is in error in predicting the order of magnitude 
of the effect of engine size. 

The results of this study are not in complete accordance 
with theory. As pointed out in the introduction, the 
basic equation of heat transfer was applied to an 
internal combustion engine in spite of the formidable 
theoretical difficulties involved in so doing. If the 
cyclic operation of an internal combustion engine and 
the other complications involved do in truth prevent the 


application of an equation derived for flow in pipes to 





ап engine, then there ls reason to expect results in 
variance with theory. 

Before concluding on the basis of experimental 
results that the theory is inadequate, the complete 
applicability of the data must be established. There 
are sources of error for which the data collected do 
not account. One of these errors is due to the fact 
that a portion of the heat rejection measured was not 
from the working gas but rather from mechanical friction 
in the cylinder. The heat rejection was not measured 
during the motoring friction runs except for the 6" 
engine. Within the limitations of experimental accuracy, 
data collected for the 6" engine motoring indicated that 
the heat rejection from the cylinder varied from about 
36 BTU/min at lowest speed to 250 BTU/min at highest 
speed. A portion of this heat was due to the incoming 
air being at a higher temperature than the jacket water. 
To separate heat from this source from the heat due to 
friction is impossible. In any case, the applicability 
of the motoring data to the firing runs is subject to 
question. However, if a correction were made for 
friction heat, the tendency would be to decrease the heat 
flow at higher speeds. Another source of error is due to 
some heat from the working gas going to the lubricating 
oil and some by conduction to the engine foundation. 
These quantities of heat were not measured. If this 
correction were applied the result would be opposite 


in sense to the correction due to friction heat, 
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Whether the two corrections would cancel each other is 
not known. For lack of better information, it may be 
assumed that the results shown by this study are 
approximately correct as far as these two errors are 
concerned. 

The largest source of heat loss in an internal 
combustion engine is the heat in the exhaust gases, 
No attempt was made to measure the temperature of the 
exhaust gases of the engine nor to account for the 
additional heat transfer due to the high velocities 
existing during the exhaust process. The theory however, 
also neglects these considerations. 

The most probable source of error is inherent in 
the assumption that since the fuel air ratio was constant 
at all times, the gas temperature was constant. The 
theory as advanced acknowledges the difference in AT 
due to variation in cylinder wall thickness. Therefore 
the results should not be corrected for this difference 
in the various engines. Allowing this approximation, 
AT is dependent on the jacket temperature and the 
gas temperature. Jacket temperature was accurately 
controlled and was in fact maintained constant. Fuel-air 
retio wes accurately controlled within the degree of 
accuracy of the equipment used, and may be considered 
constant. However, the fuel supplied was proportional to 
the inlet air only. The inlet air on the suction stroke, 
is mixed with the residual gases in the cylinder. The 


conditions of similarity require that exhaust pressure be 


a u 





maintained constant, which was accurately done. As inlet 
pressure is varied, the gases in the cylinder are composed 
of varying proportions of inlet air and residual gas. 
At very low inlet pressures, the proportion of inlet air 
to residual gas is less that at higher inlet pressures, 
Considering this, it may be concluded that the gas 
temperature is indeed less at a low inlet pressure than 
at a high inlet pressure. The effect of this variation 
of gas temperature on heat transfer would depend on the 
order of magnitude of the temperature veriation. Neither 
theory nor experimental results account for this variation. 
However, the fact remains that this condition does exist 
in any actual engine. Therefore, if the theory is 
applicable, no correction to experimental results is 
required. 

In view of the above discussion it is considered 
that the experimental data obtained is applicable and 
the experimental results may be compared with predicted 
results. Therefore the conclusion that engine size does 
not have the magnitude of effect predicted by theory 
is justified. 
Cylinder Head Temperatures 

Theory of heat flow states that as the amount of heat 
flow across a body increases, the temperature drop across 
the path of flow must increase. Figure XII, a plot of 
cylinder head temperature versus heat flow per unit area, 
for each engine, clearly shows the proportionality of 


heat flow and temperature drop. A size effect is clearly 
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indicated though the correlation is not clear. 

Theoretically the curves should intersect the axis 
at the jacket temperature, the point at which the 
temperature difference and consequently the heat flow 
are Zero. The curves do not intersect at 15°F at the 
axis for two reasons; first, the ordinate is total heat 
per unit area through the cylinder walls and head rather 
than through the head alone, and second, the ordinate 
also contains heat due to piston friction. If the 
ordinate of the curves are reduced by the amount of 
heat flow through the walls the curves would be lowered 
and the slope decreased. If a correction for friction 
is made, since there is more friction at high speeds, 
the slopes would be decreased. Therefore, the combined 
effect of these two corrections would be to lower and 
rotate the curves clockwise, tending to bring their 
intersection closer to the predicted point. 
Heat rejection at various jacket temperatures 

In order to justify the assumption that a constant 
overall temperature difference existed in the three 
engines, runs at constant IMEP and piston speed were 
made while varying average jacket temperature. 
Theoretically, if the curve of heat rejection versus 
jacket temperature is extrapolated to zero heat 
rejection, the jacket temperature at this point will 
be equal to the mean gas temperature in the cylinder. 

The results of these runs are shown in Figures XIII 


and XIV. While fairly good curves were obtained for 
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each engine, and a size effect was clearly indicated, 
the correlation between engines was obscure, When 
extrapolation is attempted in Figure XIII, no common 
point of intersection is found. Figure XIV, in which 
cylinder head temperature is plotted against heat 
rejection gives no better results. This curve would 
not be expected to give pertinent information unless 
the ordinate were heat rejection through the head alone 
rather than total heat rejection. 

The difficulty in obtaining a common point of 
intersection in Figure XIII may be due to the fact 
that either extrapolation is not justified, because of 
the narrow range of temperatures which could be used, or 
the data on which the curves are based are unreliable, 
At the higher jacket temperature runs, boiling of the 
cooling water in the jacket was detected. Accurate 
water flow measurement under such conditions was 
difficult, 

Considering thə above, conclusions based on 
information in Figure XIII are not justified. If the 
range of possible jacket temperatures were extended by 
the use of a cooling fluid with a higher boiling point, 
more reliable data could be obtained. 
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CONCLUSIONS 


Heat transfer theory, as applied to internal 
combustion engines, in the form of equation (11), 
may be used to approximate heat rejection from tne 
cylinder gases. 

Similar engines, considered independently, act as 
theory predicts. The value of n in equation (15) 
is approximately .6 for the M.I.T. C.S.E. 

Large engines reject less heat per unit area than 
small engines. 

The effect of engine size on heat rejection per unit 
area is less than predicted by theory. The value 
of n in equation (1l) is approximately .9 for the 
жертвата 5 .Е. 

Motoring friction may not be taken as a measure 


er ferme friction for oho Me .Ta Ges. 
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RECOMMENDATIONS 


In order to augment the information resulting 


from this study and to provide a basis for future 


studies üsing the M.I.T. G.S.E., it is recommended 


that: 


1, 


An attempt be made to correlate heat rejection data 
obtained in this study with IMEP measured by 
indicator cards rather than by motoring friction 
and ВМЕР. 

Heat rejection due to friction be measured during 
motoring. 

A cooling circuit be engineered whereby heat 
rejection to the oil in the crankcase can be 
measured. 

An attempt be made to measure separately the heat 
rejection through the cylinder walls and through 
the cylinder head. 

The effect of the use of varying spark advance with 
load and speed to obtain constant efficiency, as 
opposed to the use of constant spark advance to 
maintain similar areas exposed to the burning gases, 
be studied. 

Heat rejected in the exhaust gas be measured. 
Additional thermocouples be installed in the 
cylinder heads and walls in order to better 


approximate the temperature drop across them. 
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The range of possible jacket temperatures be extended 
by the use of a coolant with a high boiling point, 
The validity of selecting lubricating oils with a 
single temperature used as a basis for selecting 
equal $ ratios be investigated and compared with 
the feasibility of having a series of lubricating 
oils with equal ratios at several different 
temperatures or using a lubricant, perhaps one of 
the silicones, in which temperature has less effect 
on viscosity. 

The use of contact oil seals in these engines be 
discontinued in order to attempt to eliminate 
uncertain performance in friction forces. It is 
suggested that a non-contact labyrinth type seal 

be investigated as a possible replacement. 

Future studies be made, with the heat rejection 
cooling system installed by the authors, in order 
to supplement the experimental data in this study 


relating heat rejection and engine size. 
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DESCRIPTION OF ENGINES & ASSOCIATED EQUIPMENT 


A-I 
A-I 
A-II 
A-III 
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A-VIII 
A-IX 


Description of Engines 

M.I.T. Geometrically Similar Engines Disassembled 
М.Т.Т. Geometrically Similar Engines Assembled 
M.I.T. Geometrically Similar Engines Assembled 
Schematic Diagram of G.S.E. & Dynamometer 
Schematic Diagram of Hydraulic Scale Installation 
schematic Diagram of Heat Rejection Circuit 

25" М.Т.Т. Geometrically Similar Engine 

4" М.Т.Т. Geometrically Similar Engine 

6" M.1I.T. Geometrically Similar Engine 
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DESCRIPTION OF ENGINES & ASSOCIATED EQUIPMENT 

The three geometrically similar engines used in this 
study were designed and built under the supervision of the 
Mechanical Engineering Department of The Massachusetts 
Institute of Technology. They were built to provide a 
means of study of the effect of size on engine character- 
istics; to verify a rapidly growing theory of similar 
engines, and to evolve a more rational approach to engine 
design. 

Geometrically similar engines are defined as engines 
of different sizes, whose corresponding dimensions bear 
the same ratio as some characteristic dimension and whose 
corresponding parts are constructed of the same material, 
In the case of the M.I.T. engines all linear dimensions 
are in ratio of the bore diameters, which is the dimension 
used to identify the individual engines, See Table A-I for 
detail dimensions. Great care was taken in design to 
preserve geometric similarity even down to screw thread 
sizes, C. F. Taylor in Reference (2) describes these 
engines in considerable detail. It is believed that these 
are the only completely geometrically similar research 
engines in existence. 

The engines under study, Figures A-I, A-II, and A-III 
are single cylinder, four stroke cyole, spark ignited 
internal combustion engines. They are mounted on spring 


supported bed plates located in individual test cells and 


are equipped with suitable operating controls and 
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instrumentation. 

Associated equipment includes a double shell vaporizing 
tank for mixing fuel and air at any desired temperature; a 
water jacketed exhaust tank with a valve for controlling 
exhaust pressure; a circulating oil pump provides high 
velocity circulation through the crank-case and oil heater- 
cooler, a second pressure pump is installed to service the 
main bearings and cylinder. The four and six inch engines 
are provided with remote control electrically operated throttle 
valves, and the two and a half inch engine with a manually 
operated valve, 

Brake measurements are made by rheostat controlled 
dynamometers equipped with hydraulic scales. Figures A-IV 
and A-V show schematically the engine and dynamometer set up 
anà the hydraulic scale installation respectively. See also 
Figures A-VII, A-VIII, and A-IX. The 4" engine is provided 
with a conventional direct current dynamometer while the 
25" and the 6" engines are equipped with alternating current 
dynamometers with magnetic speed control clutches, 

The cooling water circuit redesigned and installed 
by the authors was suggested by Professor Rogowski. It is 
shown schematically in Figure A-VI and photographically in 
Figures A-VII, A-VIII and A-IX. This redesigned cooling 
system provides a large flow, high velocity, small tempera- 
ture rise main circuit through the cylinder, and a small 
flow, large temperature drop secondary parallel circuit 
through the rotameter and heat exchanger. This system 


ensures that jacket surfaces are adequately cooled and 
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scrubbed free of gas bubbles and also provides a large 
temperature difference secondary circuit. The heat 
rejected is measured in the secondary circuit by 
accurately measuring the flow through the rotameter 
and the temperature difference between the water to 
the rotameter and the water from the heat exchanger. 
(See Figure A-V). This large temperature difference, 
of the order of fifty degrees, and an accurately 
measured nominally large flow provides a reasonably 
accurate method of determining the heat rejected. 

This system eliminates the uncertainties involved in 
measuring the heat rejected to a stream having a small 
temperature rise as was the case with the original 
cooling system. This rise, eight to ten degrees, 
through the cylinder was considered to yield question- 


able data and therefore the new circuit was designed 


and installed. 





TABLE A-I 


DESCRIPTION OF ENGINES 


Engine 6" 4" 
Bore (in) 6.0 4.0 
Stroke (in) 222 4.8 
Piston area (in?) 28.27 12.57 
Va (im) 203.5 60.35 
Compression ratio 5.74 5.74 
Inlet valve 
Glearance cold (in) .012 «008 
Exh. valve 
clear. cold (in) 015 .012 
Piston speed per 
rpm (ft/min) 1.2 .8 
Spark plug, Champion JT-18mm J8 
Valve overlap (deg.) 50 50 
Dynamometer 
Scale piston diam, 
(in) 2.7195 1.614 
руп. torque arm (іп) 21,008 15.765 
Overall dyn. const. 

K 1000 4000 
Scale force for 
1" Hg. (1b) 3 Í 
Bmep 3.89h 3 .28h 

ВМЕР a 792,000 h 
HET = N h 


PDT 


25" 
2.5 
3.0 
4.91 
14.71 
5.74 


.005 
.006 


.5 
Ү-4А 
50 


„952 
12.605 


15000 


2553 
5.598 
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Figure A-VII 
23" M.I.T. Geometrically Similar Engine 








Figure A-VIII 
h" M.I.T. Geometrically Similar Engine 





63. 





Figure A-IX 
6" M.I.T. Geometrically Similar Engine 
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APPENDIX B 
WATER FLOW MEASUREMENT 
Figure B-I Water Orifice Calibration 
Figure B-II Water Rotameter Calibration 
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APPENDIX B 
WATER FLOW MEASUREMENT 

Water oiroulating through the engines was malntained 
at equal velocities and measured by means of A.S.M.E. 
standard water orifices. Water to and from the cooler 
and surge tank was measured by Fischer and Porter 
Rotameters. Calibration data was taken at 150°F. which 
was the average temperature through the rotameter during 
runs, Flow was measured by electrical timer scale for 
the lower rates and by beam balance and stop watch for 
higher rates. The floats used had an average zero 
suppression of fifty percent of maximum flow. 

Repeat calibration data was taken at other 
temperatures to find the effeot of variation in 
viscosity and density. When data taken at 72°F. was 
plotted it showed a regular plus error of about three 
percent compared to the 150° calibration curve. 

Calibration data was also taken at higher temperatures 
but in the range from 150° to 200° it was found that the 
combined effects of viscosity, specific gravity, and 
cavitation gave erratic results, although the error in 
the temperature range in which the runs were made at no 
time was in excess of four percent. It is suggested that 
this condition might have been improved by maintaining 
the rotameter under pressure by throttling at the surge 
tank. Water Orifice and Water Rotameter calibration 


curves are appended as Figures B-I and B-II respectively. 
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APPENDIX C 
AIR FLOW MEASUREMENT 
Figure 0-І Air Orifice Calibration Curve, 25" G.S.E. 
Figure C-II Air Orifice Calibration Curve, 4" G.S.E. 
Figure C-III Air Orifice Calibration Curve, 6" G.S.E. 
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APPENDIX C 
AIR FLOW MEASUREMENT 
Air flow to all engines was measured by ASME square 
edged orifices with flange taps located one inch from the 
upstream and downstream faces of the orifice. The 


equation for flow through this type orifice is 


W = .1145 D$ К | q GY AP Reference (7) 
1 


where 
W = flow rate, lb. mass/gecond. 
Də = orifice diameter, inches. 
K = flow coefficient, dimensionless, Table 6, 
l Reference (7). 
У = expansion factor, dimensionless, Table 37, 
Reference (7). 
P; = static pressure before orifice, inches Ha. abs. 
Тіс temperature before orifice, OF absolute. 
G = specific gravity of gas (1.00 for air). 
У = super compressibility factor, dimensionless, 
Figure 11, Reference (7). 
ЭР = 


pressure drop across orifice, inches H,0. 


Flow coefficient K 


This coefficient combines the discharge coefficient 
c = actual mass rate of flow 





and the velocity of 
theoretical mass rate of flow 
approach factor Е where Djis the diameter 


Ss 
(> 


of the pipe. 
Expansion factor, У. 
This factor takes into account uncontrolled 


expansion of the gas after the orifice due to reduced 


pressure in that region. A table values of Y has been 








T 


determined experimentally, Reference (7), and found 
to fit the following empirical formula. 
Y =1 - (0.41 0.35 (02) (АР. b 
Dj Рт К 


where K = Ср e 
Су 


Pressure drop across orifice, АР о. 


AP was measured by water manometers. No 
readings were taken at less than 3" of water, For 
the lower air flows orifice plates were replaced with 
plates of smaller diameter. 

Super-compressibility factor y . 
This factor corrects for departure from perfect 


gas conditions 


у = actual density 
к eoretical density 


Correction curve. 
A flow curve was plotted for standard conditions 
and mean Reynold's number. This curve was then corrected 


for the particular Reynold's number at each flow rate. 


Reynold's number. 
PU De: 


a 42. # mass 

f^ - fluid density before orifice, 

% a velocity before orifice, ft/sec 

№ a fluid viscosity before orifice, POL 
Precision. 

For flows measured, accuracy is considered to be 
within *1,5%. Calculations were made for average 
conditions in the engine cells. Errors due to departures 


from temperature, pressure, and humidity in the laboratory 


were not considered to be significant. 





Results. 
Curves of air flow vs. manometer reading are shown, 


for the various engines, in Figures C-I, C-II, and C-III. 
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APPENDIX D 


FUEL FLOW MEASUREMENT 


Fuel 


Fuel 
Fuel 
Fuel 
Fuel 
Fuel 
Fuel 


Rotameter 


Rotameter 
Air Ratio 
Rotameter 
Air Ratio 
Rotameter 
Air Ratio 


Calibration Curves,2s",4",6", G.S.E. 


vs. Air Manometer for Constant 
24" G.S.E. 

vs. Air Manometer for Constant 
4" G.S.E. 

vs. Air Manometer for Constant 
Өт 6.5.8, 
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APPENDIX D 
FUEL FLOW MEASUREMENT 


Fuel was measured with Fischer and Porter Rotameters. 
The Rotameters were calibrated with fuel at room 
temperature, and curves of fuel flow versus Rotameter 
reading plotted. From the air calibration curve and the 
fuel calibration curve cross curves of pressure drop 
across air orifice in inches of water versus Rotameter 
reading for constant fuel air ratio of .078 were plotted. 
Errors due to departure from pressure and temperature 
conditions for which curves were plotted were found to 
be insignificant. These curves permitted quick and 
accurate adjustment of fuel air ratio. Fuel Rotameter 
curves are shown in Figure D-I, and cross curves for 
constant fuel air ratio are shown in Figures D-II, D-III, 


and D-IV 8 
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FUELS AND LUBRICANTS 
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APPENDIX E 
FUELS AND LUBRICANTS 


In all runs a premium grade unleaded gasoline was 
used. The octane number was 91.5 to 92 by research 
method and 80.5 to 81.5 by motor method. 

Similitude with respect to lubricating oils was 
achieved by mixing SAE 20 and SAE 60 as follows: 

23n 100% URSA P 20 (Texaco Symbol) 
[рп S4% URSA P 60, 6% P 20 
6n 95% URSA P 60, 5% P 20 
properties of the mixtures are listed in the following 


table, 
Viscosity S.U.S. 
Engine 1009Ғ 1300F 210°F Gravity 
22" 3l9 160.3 52.8 .88 
lh" 828 339.0 76.2 .89 
6" 1665 627.0 11471 .90 


0113 used were straight mineral, parafin base, 
distilled with no additives. 

It was determined by Gaboury et al. reference |3) 
that the above oils had the same A at 250°F. This 
temperature was selected arbitrarily to attempt to 
satisfy lubrication requirements regarding viscous 
friction. A crankcase inlet temperature of 150° was 


selected and maintained throughout the runs. 





ORIGINAL DATA AND SUMMARY OF CALCULATIONS 


FRICTION 


Table F-I 


Table F-II, F-III 


Table 
Table 


F-IV, F< V 
F-VI, FVII 


HEAT REJECTION 


Table 
Table 
Table 
Table 
Table 
Table 
Table 


F-VIII 

F-IX 

F-X 

F-XI 

Е-Х11, F-XIII 
F-XIV 

F-XV, F-XVI 


APPENDIX F 


84. 


Motoring Friction Summary 23",l,",6" G.S.E. 


Friction Data 23" G.S.E. 


Friction Data Ц" G.S.E. 


Friction Data 6" G.S.E. 


Heat 
Heat 
Heat 
Heat 
Heat 
Heat 


Heat 


HEAT REJECTION AT VARIOUS 


Table 
Table 


F-XVII 
F-XVIII 


Table F-XIX 


Table 


F-XX 


Rejection Calculations 23" 


Rejection Calculations |j" 


Rejection Calculations 6" 


Rejection Data 
Re jection Data 
Rejection Data 
Rejection Data 
JACKET TEMPERATURES 


Summary of Calculations 


Heat 
Heat 


Heat 


Rejection Data 
Rejection Data 


Rejection Data 


23" 
h" 
ІШ, 
6" 


23" 


ц" 
6n 


G.S.E. 
G.S.E. 
G.S.E. 
G.S.E. 
G.S.E, 
G.S.E. 
G.S.E. 


GEESE. 
G.S.E. 
G.S.E. 








ннен |? 


ААА 


Барак 


Piston 
SPEED 


600 
400 
1200 
1450 
1100 


500 
400 
1200 
1450 
[ 700 


600 
Qoo 


1200 
1450 
1700 


ET CSE. 
DyN. DYN. 
READING LoAO 

Pi: -2 " Hg 

3.40 6.60 

3.6 3 1.31 

«LO $.40 

‚41 9.03 
ai 9.73 

Ро = - 10° н 

2.73 та, 

1.92 9.04 

.94 4.06 
‚35 9.65 
-.40 (0.40 
Po--ao" Hq 

I.77 9.23 

- 90 9.10 

. 30 9.70 

aS 10.35 
—. 9$ 10.98 


FMEP 


2 3.70 
26.45 
30.19 
32.40 
35.10 


26.10 
28.80 
32.55 
34.60 
3735 


29.55 
32.62 
34.90 
3 7. 20 
34.40 


e a 


OTORING FRICTIO U AR Y 


RECO ыы” 
Р. ѕтом READING -OAD FMEP 
Pi: -3" H3 
m (000 3.42 6.55 FINIS, 
7 640 3.25 6.75 24.13 
к. (020 2.05 7.35 2410 
2. 1 200 2.20 7.80 25.54 
1 1500 1.27 6.73 28.60 
Ре: - 0“ Hg 
zu ооо 2.93 7.0? 23.20 
ұп 840 2.52 7.48 24.58 
а. 1020 2,14 1.86 25.80 
ТҮП. 1200 1.70 6.30 27-20 
putt 1 500 1.00 2.00 219.55 
тут (800 -.50 (0.50 34.42 
Pe -/4 “89 
x GOO 1.93 3.07 20.50 
XL 990 1.77 8.23 27.00 
m (020 1.56 0.44 2205 
x  у200 17 9292 2929 
ҮШ 1500 ca G 48 31.10 
М /%о0о -.%5 4089S | 35:60 


9 6 GSE 
‚ ъ тем D YM DYN 
Seweo _ КЕАР МС Loap Er 
Ро: -4" На 
T 120 2.20 (2.80 20.45 
XL 1080 3.00 2.05 47.20 
УГ 1320 2.50 1.90 29.20 
ЖШ 1560 2.26 1.14 30.10 
ІШ 1800 1.50 9.50 33.05 
Ра - то" Hg 
п 120 2.45 1.05 27-42. 
Y 1080 2.55 7.45 24.00 
yor 1320 2.10 1.40 39.72 
ZW, |500 Ec 6.25 32.10 
ХІ 1%00 95 4.05 35.20 
Pi=-16" Hg 
Ш 120 2.60) 7.34 28.77 
IV 1080 1.45 8.05 31.34 
IX 320 1.00 8.40 22,70 
3Z 1560 1.30 6.10 33.85 
x 1800 .45 9.55 37.20 


85. 


4.8, 





24 MARCH I952 (сомтімово) 
TABLE F-H а 


FRICTION RUNS Az GSE 


ТеғғакАТӘкеа ғ. ял аа 
Time Ruy RPM Різтон Сүһ.Невр ет Ая Н0 Емт Сп. Мац Ми.Ваме. Мн.Ввма Оди Feon Dyn. 





<—— PRESSURE IN iw.We —ə——ə—— 


(OP) ar Pi Pe P, (АР) ц.о Н.0 Ғеом Н,0 То Н.О Ғаом 
SPEED Ow lacer Sume READING te INTAKE EXHAUST ORIFICE ENGINE ReTAMETER CooLER 
үт] мм Hazda 0 ° ef 
Pu: -20" 
243 32 2400 1200 159 (50 145 155 14 | ı 80 152 9.30 0-60 ITY 1.05 © 16-6 /47 147? 146 
1300 33 92400 1200 159 (50 145 155 154 1 80 144 0.30 0.60 - 20.0 1.00 © 16.6 146 146 146 
(мо 34 2400 (200 154 150 144 154 134 (40 1 44 0.30 0.58 - 20.0 400 © 16.6 146 146 145 
E -20 Hg 
$ m 35 2400 1430 163 151 145 157 140 189 (50 0.35 0.70 -20.0 1.10 0 16.6 (40 146 144 
1347 36 0 1450 163 (50 145 57 140 190 [50 - 0.35 0:70 -20.0 1.00 0 IÇ. Ç 146 146 144 
1258 31 2900 {450 163.5 150 144 157 158 120 150 - 0.35 0.70 - 20.0 l.00 o (6.6 146 Ud (o 144 
Inc LO" Hg 
ДЇ оо 38 2900 (480 165 150 144 156 135 194 150 % 0.35 5.50 - 10.0 1.00 Ó | 6-6 146 146 144 
1405 34 2900 1450 166 150 (45 157 134 196 149 % 0.35 5.50 - 10.0 |. ОО 0 TAA 145 145 143 
1410 40 2900 1450 166 (50 145 t57 (31 120 (50 † 0۰35 6.50 - 10.0 1.00 о (GG 144 144 143 
Piz - 2° 
TW 422 41 2900 1450 165 150 (44 156 2.8 190 152 +0. 46 15.95 9 (.00 © 16.6 145 145 144 
1428 42 2900 1950 16 150 (4% 157 120 (90 150 +0.98 15.85 55220 1.00 Ж (5.0 146 146 144 
1435 43 2900 14 50 | ماما‎ 156 145 157 пе 190 150 10.38 15.85 - 2.0 (.00 (6.0 14 6 146 145 
ky 1605 44 3400 1700 170 150 143 159 138 199 150 о.21 14.85 - 2.0 1.00 Ó 16.1 145 145 140 
1010 45 3400 1700 (64 150 143 158 138 198 150 0.21 (3.83 - 2.0 1.00 © [$ (44 EL 191 
1615 Ab 5400 1100 164 ISO 143 158 139 (98 150 0.22 14.83 -2.0 1.00 © 16.6 144 14% 142 
Piz ~1084 
44 иа 47 3400 | TOO 170 150 (43 154 (40 198 151 20. 38 7.80 - 40-0 [.00 0 / G.G 1/45 145 142 
"1627 48 3400 17100 170 150 144 154 (34 198 150 - 0.48 7.80 -/0.0 1.00 2 16.6 146 /%о /43 
1635 49 3400 (700 170 150 144 (54 140 198 {50 - 0.40 1.90 -/0.9 “до д /6.6 147 197 144 
Pe = - 20H 
ЗУ. te +o 50 3400 1700 168 153 144 [Ço 140 194 150 -0.75 0.70 - 20.0 1.8 O 16.6 146 140 144 
51 3400 (700 167 150 144 (60 140 (91 150 -0.05 0.70 - 20.0 ще 2 (6.0 146 146 144 
2. Š МАКС H 1952 BAROMETER 163.3 mm Kg. feme. 13°C. 
PL: -20 На 
1018 52 3400 1700 166 150 142 158 140 95 | SO -1.00 0.75 -20.0 /-ді 0 16-6 145 145 143 
24 1028 53 3400 1700 [Фф 150 143 (58 140 (95 ISO -/.00 0.70 - 20.0 /.00 O / 6 o 145 145 (42 
1035 54 3400 1700 (GG 150 143 158 ЕТ (95 150 - 0.95 0.70 


- 20.0 1.00 д 16.7 195 145 / 42. 





81. 
14 Млвса 1452 


OBSERVERS: мин, бонче4 
BAROMETER 1768.2 mmu 


TABLE FIL | 
B 
FRICTION RUNS 62 GSE. 


DYNAMOMETER Zero Қалоыс: 10” Нә 
TEMPERATURES 14 "Е 










Tene, 22.7°C § 14°F - Теме. 
PRESSURES IN мена OF He 
Time Rus RPM Piston (CyL. Heap innetAiR H30 Ext Cyt. Wau Mu.Banc Мы. бакс Оз вом ам. (Pain | Pi Ре Po (АР) ц, о H10 From W20 To Н,О Feon 
SPEED INLET OIL Suwp READING |. н.о INTAKE ЕКМАОЗТ ORIFICE чана BEE Cooter 
Pi = "20 а 
1555 | 1200 600 152 148 144 145 127 150 150 3.4 2.9 "2:0 1.0 0 16.5 146 146 147 
1 оо 2 1200 600 151 190 143 ¡43 127 ISO 150 3.4 2.85 -2.0 1.0 о 16.4 146 146 144 
iets 3 1400 600 150 144 142 142 12$ [50 350 3.4 2.85 -2.0 1.0 2 16:4 144 124 144 
Pi = - 10.0 ”H 
mos 4 1200 200 152 144 142 142 129 151 | 50 3.72 185 -/0.00 1.0 O (6.45 145 144 140 
1 „за 5 1200 200 (5 | 150 |43 143 126 151 150 2.73 /. 23 -/0.00 /.0 о 16.45 145 /45 45 
1640 6 1200 G00 154 150 1 43 143 121 15 | 150 2.73 (20 -70-о0 1.0 0 /6.60 (46 1/46 /45 
1645 7 1200 600 150 150 1% 141 127 15 | 150 2.73 /.20 -10.00 /-О O 16.60 144 / ++ [4t 
21 MARCA 1952 
Baromerere 763 mm Kg 
4 Temp. 21.9°C 
fer 200 Ha Км. Темрз 14° Е 
28-1312 g 1200 (OO 153 150 145 (50 14| 149 150 1.72 050924 — 20:0 /. Ó O 16.6 14? [48 148 
1317 $ 1200 оо 154 150 146 140 140 (50 150 1-78 0.15 -20.0 1-0 o 16.6 129 | 48 141 
1325 б 1200 оо 15] 150 (43 143 141 (50 150 1.76 0.15 | -20.0 (-6 0 16.6 145 145 145 
Pe = - 20.0" H« 
1540 |" 1800 90 155 151 143 {43 140 163 ISO 0.80 0.30 -20.0 1-0 0 16.6 145 145 144 
1345 га 1800 900 156 151 144 144 142 164 150 0.40 0.30 - 20.0 1-0 0 16.6 [46 146 146 
952 3 ¡00 900 150 (53 44 144 141 164 150 0.90 0.30 -20о0 1-0 0 16.6 146 146 145 
1357 /4 1800 900 155 148 144 144 EI 164 150 0.40 0.30 -20.0 1.0 0 16.6 (46 1946 145 
Pi= ~10.0" He 
1406 15 1%00 900 155 150 143 144 141 (04 150 1.40 -2.20 - (0.0 25 o 16-6 145 [45 (45 
148 tlh 1800 900 155 150 144 130 142 (65 150. 1-93 2.70 - (02.0 /:0 0 ИЖГА 145 145 145 
1422 17 1%00 400 155 147 143 144 142. 164 150 1.45 2.70 - 10.0 /.0 О 10.6 144 144 145 
1437 1 1800 400 155 150 142 (44 (42 (G4 | SO 1.4% 4.20 - о.о 1.0 9 16.6 144 144 144 
1433 19 1800 900 155 150 143 143 142 165 150 1.98 2.70 - 0.0 1.0 0 16.6 146 146 145 
1445 30 1%00 900 151 150 146 146 142 165 150 4.02. 9.65 -'9.0 1.0 O 76.6 148 148 147 
Pi = 2.0" He 
1455 21 1300 900 157 149 145 140 142 | 65 150 IGS 6.55 -320 1.0 о ¿6. (o 127 147 /*6 
1504 22 1800 900 156 150 144 144 142 165 150 2.63 4.55 -2.0 о O 16. 6 (FG /*€ "45 
‚оё 43 1600 200 156 144 144 144 142 [65 150 2.62 6.55 - 2.0 1.0 2 /6. Ф ^46 /46 /4 5` 
Pi = -2.0" Нз 
3245 24 2400 laoo 100 14% 143 155 141 17% 150 © 1.25 -2.0 1.0 6 /6.6 146 190 145 
1532 as 2400 1200 160 ISI 142 154 142 124 150 ЩА 11.45 -2.0 1-0 © 16.6 195 /45 /44 
1527 26 2400 1200 | OO 150 143 154 142 17% 150 l. lo Las -20 /.O д 16.6 /%5 /45 /44 
ша 10 24 Marca 1952 Barom: 761.2 mm Теме. 2 3.5 °С, 
155 21 4%00 1200 159 ISO 143 15 | 140 17$ 149 8.85 4.15 | -/0.0 / © Ó 16.6 146 146 145 
TY, 28 2400 400 160 151 143 153 140 172 150 0.86 4.15 - 8.9 1.04 2 76.7 145 145 144 
/225 24 2400 (260 1606 (50 143 153 |40 17% (50 1.00 4.66 -%-? 1.05 o / 6.6 146 146 /44 
/285 30 2400 120 0 tól 150 145 155 140 80 150 1-00 4.%0 -/0-0 /.00 o ( 6.6 148 198 197 
3l 2400 1200 І 60 (50 145 155 120 | 80 150 1.00 4.75 -70.0 1.00 0 16-6 147 197 146 


Divnamomster Zero Кело: ма : 


Time Км Piston 
SPEED 
FT/MIN 
Pi= -2.0" На 
1250 1 {020 
FE 1315 2 1020 
1321 3 1020 
[346 4 1020 
(352 5 1020 
Ро: -і0” Hg 
1425 | 1020 
1430 2 1020 
1438 3 [020 
1530 4 (020 
1535 5 1920 
1642 ГА 1020 


2 1020 
1045 3 (020 
1054 4 1020 
[2 58 5 1020 

Pi: -2" Hg 
í 115 ¡200 
120 e 1200 
1125 3 1200 
1130 4 1200 


я 1215 | 1200 
1240 2 1200 
1247 3 1200 
1252 4 1200 
1255 s 1200 

¿a 18 H 
1515 \ ($00 
(520 2 1% 00 
1525 3 1800 

Pi= - 10" Hg 
1542 I 1500 
1545 2 (500 
1552 3 (560 


164 
(04 
164 
164 

164 


165 
164 
164 
165 
101 
104 


164 
164 
168 
165 


167 

to? 
(67 
(67 


168 
168 
168 
168 
168 


(84 
(84 
184 


176 
(77 
(78 


ША: 
175 
175 


15! 
150.5 
120 
ISO 
150 


151 
151 
ISO 
151.5 
151 
150 


152 
150 
151 

151 


150 

149 

144 
150 


150 
150 


149 
149 


iso 


151 
150 
150 


isl 
150 
{52 


| 51 
150 
148 


ING 


10" Ha. 
"TEMPERATURE 


150 
(50 
| 50 
150 
150 


150 
ISO 
150 
150 
(44 


150 


150 
(50 
150 
150 


150 
(50 
150 
150 


(50 
150 


ISO 
150 
{50 


159 
($0 
(SO 


150 
(56 
150 


ім 


КЕ 


INLET Olt 
140 175 
150 175 
150 175 
148 175 
148 175 
150 177 
ist (7? 
150 177 
153 171.5 
150 177 
150 177 
| SO 174 
| SO {74 
150 (75 
150 (15 
130 181 
[50 181 
iso t 8i 
(50 181 
(50 157 
150 | 85 
150 185 
ISO 185 
150 185 
130 210 
ISO 210 
(50 210: 
150 200 
150 200 
150 204 
150 197 
150 197 
(50 147 


TABLE FIX 


Sump 


148 
150 
150 
146 
148 


| 50 
I SÍ 
150 
ЕЗ 
13! 
150 


156 


156 
150 
150 


150 
(| $ O 


150 
150 


150 
($O 
150 


READING 


2.58 
2.58 
2.60 
2.60 
2.60 


2.1 
2.04 
2.12 
2.13 
2114 
Ald 


24 Мавсы 1952 


|. 45 
1.00 
|. | 
1.58 


2.45 
2.46 
2.45 


2.43 


1-0 
1.25 


FRICTION RUNS + GSE 


хь.Нело Inver AiR КО Емтев бү. Wart. Мн. Ванс. MN. BRNG Ôn Евом | Охм. 
ме. 


150 
(50 


150 
(50 
150 


150 
150 
(50 


1.25 
1.15 
1.20 


. 5 
. #0 
. 85 


1.00 
1.00 
1.00 


.60 
.55 
- БО 


(a P) AIR Pc 
“н.о INTAUE 
11.2 -2.0 
11.2 - 2.0 
1164. - 2.0 
14.2 “z. 
11.2 350 
4.1 -10.0 
44 - 10.0 
4.7 710.0 
4.65 - 10.0 
4.65 “10.0 
4.65 - 10.0 

MITEHELL 
1.03 - 198.19. 
1.03 74 8.10 
1.15 ^ ($.10 
1.15 - 1 40 

15.2 - 2.0 
15.25 -2.0 
15.3 -2.0 
15.3 - 2.0 

1.55 - 4.0 

TE - 18.10 

1.50 718.05 

(. 5o -18.00 

1.50 - (800 

2.15 - 15.0 
2.20 -18.0 
2.20 208.6 
q. ( - 10.0 
4.1 - 10.0 
9.1 -/0.0 
2.0 - 18.0 
2.0 -1%.0 
2.0 -19.0 


PRESSURE IN INCHES H 


Pe 


EXHAUST 


ORIFICE 
6 
© 
Ó 
О 
Ó 


1.0 O 
1.0 0 
1.6 0 
1.0 о 
to о 
I. O о 


ғы ILKIN SON 


1.0 
1.0 
1.09 
[.O 


O © © o 


t.0 
Be 
(. O 
1.0 


ооо О 


1.0 
1.0 


1.0 
(. O 
l. O 


(.00 
1.00 
1.Оо 


оо0-0 È 


o 9 


° 


о 


су © 


(АР) н.о 


18.05 
1902 
18.00 
18.00 
18.00 


15.0 
18.0 
18.0 
18.0 
(8.0 
` 18.0 


[3.0 
{ 8.0 
| §.0 
18.0 


1$.0 
18.0 


'%-О 
(8.0 


(8.0 
18.0 


18.0 
18.0 


18.0 


18.0 
18.0 
| $.0 


- 180 
- 18.0 
7 158.0 


- 18.0 
- 19.0 
- 18.0 


TEMPERATURES 
4,0 From H,O To 
ENGINE КотАмЕ ТЕК. CooL ER 
OF ° a 
150.0 144 
(50 148 
150 148 
150 146 
150 148 
(50 148 
150 (48 
150 143 
1S0 148 
150 147 
(50 148 
150 146 
139 146 
150 (46 
150 146 
(50 146 
150 146 
(50 (40 
iso (46 
ISO 146 
150 ¡46 
iso 1406 
(50 (46 
150 140 
150 150 (48 
iso 150 148 
150 150 148 
L50 150 148 
150 150 148 
150 (SO L48 
150 150 [48 
(50 150 148 
І 50 (50 148 


2| Marena 1952 


88. 


OBSERVERS: MitcuELL 


МАВООА) Е 


Cert Teme. 19°F 


BAROMETER T63 mms 2.1.92С. 


H10 From RPM Water 


Қотамат6 6, 
ReaoinG 


1276 
i215 
1275 
1215 
1275 


(27$ 
1215 
1275 
1275 
1275 
1275 


1275 
1275 
1275 
1275 


1500 
(1500 
(5060 
1500 


1500 
(500 
(500 
1500 
(500 


22У0 54 
2250 54 
2250 59 


($15. 5% 
1675 51.6 
1875 SB 


1815 58.5 
1875 58.5 
1875 58.5 





83. 








TABLE FX 
“% 
FRICTION 4 GSR 
TEMPERATORES 1N °F PRESSURE IN "H TEMPERATURE 
Тме Rou КРМ Poron |Сль.НЕло (мчьетАе Н,Окитес- Су. Мац. Мн Венс Му Вемс. Оп, Егом | DYN. (AP) AIR Pi Pe Po (AP)uso | HO Feom Н,0 Т H:O Feam | Wares 
Seeco ING ENG, Ow INLET Su MP READING А INTAKE EXHAUST ORIFICE ENGINE PoTAMETER COsoLEeR  [ROTAMETER 
M b үү ° о о READING 
пи - 3” H 24 MARCN 1952. (Соктікоєр) 
4% 1020 i 150 обо (57 151 150 144 145 3.4 3.4 23 0 |.0 O 13 150 150 148 5 8 
1030 2 160 600 158 150 (50 (50 146 3.42 3.4 - 3.0 1.0 о 13 (50 150 147 58 
1040 3 150 600 158 144 150 150 147 3.44 3.4 - 3.0 1.0 0 (8 iSO (50 149 58 
2 Š М АВС H | 95 4 CNARDONE Маман son) 
Pez - 18" u 
x ' 150 600 { 51 152 [50 150 144 (50 1.40 ‚40 -1 3.0 1.6 о (8 150 156 148 56 
2 150 600 157 150 [50 (50 (44 150 (.93 . 40 -18.0 1.0 0 18 (50 150 (48 56 
3 150 осо (57 iso {50 150 (50 150 1.95 :40 - 17.6 1.0 0 1? 150 (SO 148 56 
® {1445 + 1050 840 (60 150 (50 150 (63 (SO 1.60 : 20 - 1$.0 (.0 0 12 150 (50 (48 5G 
1500. 5 1050 840 (tol 151 (50 ($0 (04 {50 1.15 ‚75 - {#0 (.0 0 1% 150 150 148 5% 
PL= -ı0" H . 
(515 | 1050 840 (60 151 (50 150 (о4 150 2.52 3.0 -10.0 1.0 0 IE 150 (50 14 9 56 
1525 2 (650 $40 100 (SO 150 150 Io 4 450 2.51 3.05 -10.0 2, O if 150 150 #3 8 56 
Рё = - 3" 
дй 15309 | (450 840 160 ЕЗ 150 150 (64 150 SOS 6. T - 3.0 1.0 0 (8.0 ISO 150 /4f 56 
1540 2 (050 840 (60 150 (50 (50 (04 150 3.25 6.7 - 30 1.0 о (50 150 150 /%8 SG 
Ре = -3" H | 
50 (550 I 1275 (020 [65 * 52 (56 150 [72 150 2.0 4. - 3.0 1.0 O 18.0 150 /50 148 $6 
tooo 2. 127% (020 5 isd iso (50 172 (50 d. 10.0 - 3.0 1-0 о 18.0 150 150 (48 5e 
gp - -3" H 
so шо í (500 1200 167 T» 150 {50 178 ı 50 2.2 13.7 - 3.0 /. д о 18d 50 ^0 ‚Р 5e 
(2.00 (o7 isa iso 150 17% 150 57. 2. 137“ - 3.0 1.0 o 16.0 159 159 19 $ 56 
(200 17 192 ISO 50 ı 80 / $0 1.7 0.4 -10.0 LO о /%0 ¿SO 50 “q P 56 
1200 (67 (51 /50 ‚50 (80 /50 (7 6.4 -/0.0 /. O о (5.0 1.42 50 148 SG 
1500 115 14% 130 ISO 193 150 /.27 20.8 - 3.0 1.0 0 ‚8.0 150 ‚50 148 IG 
1500 175 150 159 50 {95 190 /.27 20.8 - 3.0 1-0 O / #0 150 1590 7%4 SG 
1800 (75 {50 150 [50 205 LSO - 0.50 T - 10.0 (0 о {ГО 150 50 ^48 зе 
(800 (75 180 150 150 205 150 - 0.50 (0.4 ~ 10.6 1.0 0 Ро 170 750 748 $6 
Pi: - y” 
хе 750 600 157 152. 150 150 197 150 2. 20 /^ € —/0-0 О 9 ‚2.0 150 «за /Ұ8 56 
750 (500 157 /50 150 L O 150 150 2. 2% “Le - 10.0 /.2 o /Ро 120 ‚эд / #8 5% 





26 MARCH , 1952 99. 
OBSERVERS; SMITH, BOHNER 
BAROMETER 765.2 mm HG 
TEMP. 24°C 5 


TABLE FU 


FRICTION RUNS 6" GS.E. 


Р PISTON TEMPERATURES IN °F —— PRESSURES IN “HG TEMPERATURES IN Жек 
ме Сы RPM sesso [cre HEAD INLET MA. GRNG. MN. GRNG, OIL PROM Î OYN. (АР)д:я ex Pe (Ар), о 1120 To Н.о Ном Н.о то Ma0 FROM HO 
ЕТ! Min PAR INK&T OIL SUMP IREADING a 


DYNAMOMETER ZERO READING: lO“HG 





b "H2O NTAWE. EXHAUST ENGINE ENGINE КЕТЕ д COLEA ROTA. 
e з -Ч.О“ НЕ 
1035 | 600 720 igo {Go ise 165 ‘61 2.81 3.9 -4 І 417.5 i45 135 (45 145 26.5 
1060 2 боо 720 igo 160 I $° {Фо L SI 3.1 3.9 -4. I 17,4 14-5 145 14% 144 27. 4 
IL 055 3 осо 120 (Go I Ço \ бо IGO ISo 5.2 3.9 -4 i 17.4 145 145 145 144 27.5 
1100 4 Goo 720 гео t Ço $® 162 t So 5.5 3.8 -4 t 17.4 (45 145 145 193 27.5 
105 6 Qoo 720 (ФО iGo гве 162 iSo 33 39 -à 1 17.4 {45 145 145 143 21.6 
„ = =[{ оч 
Т о Goo 720 159 (Go 150 (ec (So 2.9 1.55 -1о í 17.4 (4% 14 5 145 142. 27.6 
IL иго 7 Goo 720 159 165 151 166 150 3. 1.56 -10 { 17.4 145 185 145 142 27.5 
112$ в 600 720 159 Со USt 167 I So 3.0 {1.55 -10 t 17.4 195 146 145 132 27.5 
аза 9 oo 720 159 159 152 167 (So 2.9 1. ~ie { 17.4 145 (AS 195 142 27.7 
Р з -16“ Не 
1140 (O Goo 720 167 (6% 152 ісе 150 2.6 .55 - ç l 17.4 145 145 145 142 27.6 
Ш |150 (| сос 720 167 (59 (S2 ics 150 2.63 .>55 -16 I {7.4 195 (QS 145 142 27.5 
187: 12 о 720 157 153 152 169 150 2.6 ‚55 -16 I 17.9 146 145 145 142 31.5 
Pi- IG" HG 
izio 13 900 гова ¡ee ¡163 151 186 Iso [. 94 1.2 -iG ( 174 145 145 145 iso 31.6 
№ 1215 м Yeo 1080 (G^ {Фо 15: 18° (So 1.95 1.2 “© í 17.4 145 145 145 140 314 
1225 15 3900 logo 1G G4 (Go ISi (87 (So 1.95 ІНЕ - 1G i 17.4 145 145 145 (40 31.4 
P; ~ 10° HG 
1357 iG Oco logo 164 {бо ISI 187 tSo 2.5 4.4- -1о | / 7.4 145 145 I#6 (39 31.06 
Y 1240 /7 900 toto 16$ IG! ISI i 88 (So 2.6 4.3 -іо f (7.4 {45 {& 5 145 раз 31.5 
1245 18 9oo 1080 165 159 151 188 (So 2.5 4.3 -io I 17.4 tes 105 145 139 31.6 
fX x - 4“ н6 ` 
7365 19 900 1080 IGG ¡Go 151 188 ¡So 3.0 9. -4 t 178 445 145 145 |59 LS 
Ш 1305 20 900 (ово IGG 156 151 188 tSo 3.0 9.6 -4 I 17.4 145. 145 145 139 31.5 
i310 2: Зео ‘ово IGG 159 151 igs iSo 4.0 9. - 4 í 17.9 145 145 146 139 1.6 
Pi ~ _ 4" HG 
1520 25 поо 1320 (73 {Со 150 199 149 2.5 14.5 - 4 i 17.4 (24 145 145 137 3t. 
УП 1530 25 поо 1520 173 (Фо 151 где 151 2.6 4.6 -4 { 17,9 145 {45 145 138 $1.6 
¡340 24 Hoo 1820 173 ¡Go ЕСІ 200 151 2.6 (4. 5 - 4 ( 17.4 134 145 145 137 St. 
P; x — IO “H6 
(550 25 1100 | Sao (71 IGo IS í 201 151 2.1 ©. ? ~l O { (7. 4 145 id v {$5 {37 51. 
УШ 1355 26 (160 газ і ?І {Go га! 200 151 211 @.7 -fO ! | 7.4 Т 145 185 37 31.9 
1400 27 lloo i320 171 {бо Kx 200 151 2.1 G.7 -10 { t 7.4 144 146 155 (38 31. 
рі = – ie" HG 
(410 28 ноо Зао 169 ге ISo 201 ¿So 1. © 2.05 -{G { I 7.4 (44 146 195 138 31.7 
TX 1415 29 поо 1320 17е IG! So 201 150 І.с y -iG { (7.4 (44 146 145 158 31.5 
1426 30 идо 1320 170 IG! (So 2ol iso (. G 2.1 — # © { I 7.3 (24 146 45 (38 32.0 


.. = f 

4 % 

.. . 

“ae 

Ал, = = 
LA». Y TT 


-4 





26 MARCH, 1952 91. 
OBSERVERS: SMITH, BOHNER 
BAROMETER 765.72 mm HG 


TABLE F-WE + c — 


OYNAMoMETER ZERO READING: 1O0“ HG FRICTION RUNS 6“ 0.5. Е. 
PISTON TEMPERATURES IN ФЕ ———— PRESSURES IN "HG TEMPERATURES IN Fi 
TIME RUN RPM SPEED KYL.HEAD INLET | MN, ORN6G. (MN. (GRNG. OIL FRotMI DYN. Pair (24, Pe (AP)H20]H20 TO H20 FROM H20 TO H20FRom H20 
FT/MIN AIR INLET OIL SUMP [READING “H,O [INTAKE ExHAUST ENGINE ENGINE ROTA: = COOLER |ROTA. 
MET 
Pi=-16"HG 
IG30 51 1500 ¡Boo 184 {Gl isi 210 ISI 0.4 5.55 ~{G / 17:5 ¡29 1496 4 6 (28 (6.9 
X 1635 52 1500 ¡800 (84 {GO 151 210 (So 0.35 3.5 -IG { 175 144 [4G 196 (30 16.8 
1940 33 1500 {800 184 IGO ISo 210 ISo 0.45 3.6 -/6 { 17.5 144 146 [dac (28 16.8 
Pi 2-10 HG 
XI 1645 38 1500 {800 186 [Фо iSo 212 iso о.9 ТА: - fo і 17.5 144 146 (4c 128 14.5 
IGSo 35 ISoo 1800 186 1 Go 150 212 ISo г. О [1.4 -(0O0 / 17. $ 144 (4G “с {28 15.0 
| APRIL, 1952. OBSERvERS: SMITH , NARPONE, BOHNER 
BAROMETER 763.G mm HG 
TEMP. 21.35 °C 
Ri = - 4" Но ° 
1215 56 1500 {боо 187 {бос iso 2:2 ¡SO (4S 23.6 -4 { 17.3 зе 146 146 118 11,5 
1220 57 1500 ¡Boo 187 [Go ¡So ere t So [as 23.6 -4 l 17.4 (48 iso 150 120 11.5 
Xili228 38 1500 Воо 187 (Go 160 219 {so 1.5 236 -4 i 17.3 134 147 14 7 (25 1.5 
1234 39 1500 1800 187 (Go 150 214 (So 1.5 23.6 -4 ( (7.4 144 146 196 124 1.4 
i240 40 1500 ¡Boo 187 (Go ¡So 214 150 /.5 23.6 -4 / 17.4 194 ас 196 125 11.5 
Pi = - 4°HG 
{24$ Al 1300 15бо 183 iG! 150 210 (бо 2.5 I9.6 -4 / 174 (46 (4e i46 142 19.0 
ХШ 12502 42 1300 обо 165 {Go 150 2/0 {50 2.2. (Ә.О Et / 17.4 1 5ә 150 iSo (42. 18.0 
1255 43 1300 1560 185 (Фо 150 210 ‘So 2.3 IN © -4 / (7.4 150 150 (50 192 18.0 
P: >» -10°HG 
1500 46 1500 15 бо 185 {бо /So Фго (So 1.75 8.8 - 10 17.5 144» 140 146 1%! 15.8 
МУ 1505 46 1300 1$ 6o 185 iGo 150 2to 180 1.75 8.8 -10 / 17. $ 146 146 146 130 15.2 
I310 46 1500 IS Go (82 IGO [So 2!o 150 {. 75 8.8 -іо / 11.5 144 144 i44 130 (G.I 
0; = 16“ Н6 
1415 47 (300 L SGo 180 104 (50 210 iso L3 2. © - 16 / 17.4 196 146 146 138 16.5 
XY 1320 48 1500 t5 6O 180 {Со (So Zio ISo 1.3 2.6 - (G í 17.3 ас IAG 146 (5e 16.5 
1525 49 1300 15фе і8о (Go 160 210 so 1.3 2.6 -1G / 17.3 146 (46 146 138 17.5 
Pi = -4" HG 
vi [405 50 500 Goo {33 150 (SI 130 [S I 3.7 2.4 - 4.0 і 17.5 147 135 145 140 39.8 
1415 St Soo Goo 133 193 150 137 IS O 3.75 2.5 -3.9 J (15 136 196 46 144 40,7 


е + 
d 





TABLE F- JA 


HEAT REJECTION CALCULATIONS Kl GSE 


Je JN САТ ),, о м и.о Q h Әлеке BMEP Merce. FMEP hindicated ІМЕР | НР S 

e = Им, SU. а? H< =, TE т “+ һь 3 2, IR E MUN 

F-1 34 4180 134.0 11.32 40. © 744 292 1917 68.8 119 Goo 
AR RIS 6.445 190.0 ROY 74.7 9.45 KG 405 104,3 2.329 1%00 
7-7: 4г9 413$ 138,0 106.485 37,5 9.87 3^9 19,32 0446 1,545 | ROO 
4-4 425 2.908 158054 32 11.5 а 33.0 4424. 44.6 2.4742 Zoo 
N-S ZP 4.750 1330 Z/4 79 6.7 4498 28.3 lOl% 27/7 TRO 
4-6 27 4.750 133.0 3,5 13.6 7.7 33,0 48.7 45.4 «oso 1500 
A-7 3% 4,780 1530 8.67 3/./ 8.87 313% 7754 430 & F/O 1800 
0-8 39 4817 1380 19:33 702 8455 496 2778 477 4,445 /хоо 
9-7 IlG 6.470 4427 135 4:5 /0/5 564 RIGS 350 9676 /$оо 
ФО 45 4.1 75 / 18.0 465 /0,7 10.7% 33.5 5.87 65.2 3.694 800 
4-7 44 438 ZUS 1745’ 64 7.0 323 4645 44.3 5.0359 /440 
A-iR 4 4,032 1054 7.06 4$. 9.6 34.5 16.6 597 3188 1440 
2-43 “O 4.58 4^6 109 ) 33.8 235% £64 11.15 96952 1.4893 GOO 
9-4 23 4,53 97.3 /545 SES GF 24% 2235 80.3 1.787 GOO 
Bis” 5557 3.02 108% 21% 7." 6.64 243,5 27.34 TT? 2224 боо 
4c 50 3.51 (75545 174 6445 $5.35 Зоо 445 94.5 F100 1200 


9 


Nove: Teuns Ё-1 -тато A-4 Мот ОБЕФ DUE TO INCOMPLETE VAPORIZATION 
CAUSED By LOW VAPORIRING TANK TEMPE ATURE, 





SAImMeP M Ma 22 

L. wa, 
64,000 2:39 20625 
145-300 30. 
$5,300 £4.07 
53500 20.45 
78100 1.80 .00555° „000840 
$4700 2/.90 .00513 .0008%/ 
76,600 KASO .006/7 .сеоФ40 
119,600 .5О// .00?7/ 00143 
/S3oco 38.89 .0/274 .00204 
97450 Зо, ‚ооз . 00141 
(35,300 33.85 . 0/063 . O72 
86,000 42.4% .007го .00//5 
34100 14,67 .00300 ‚©0048 
4% 100 15,5% .003725 .000584 
54440 /7.5у .О0045 ‚0007 
“3200 48.1 OOY . 00,98 
OF жова 


= 6.25 


qe 


43.7 
53.5 
54.3 
38.0 
44.0 


63.0 
61.5 
52.0 
46.0 
20 
69.5 
26.5 
36 


Roramere. М нас 


READING 


aus 
30.2 
42.5 
30.8 
34.7 


34.5 
50.0 
44.3 
53.6 
32.5 


469 
51.15 
48.05 
3450 
34.95 
(2.7 & 
29.95 
80.35 


t/min 
4.0.5 
т.290 
8.525 
7.455 
7.815 


7.800 
4.135 
8.675 
1215 
7.615 


3.835 
4.260 
$415 
1.3 0 


7.932 
5.89 


7.37 
7.40 


Q 
BTU) in, 
457 
376.5 
325.2 
505.5 
434.5 


341.0 
488.5 
314 
293 
335 


560 
57! 
466.5 
354 


235 

404 
145.3 
206.5 


И велке 


Ha 
27.46 
15.45 
27.40 
24.43 
14.25 


3.41 

14.2.0 
24.87 
26.15 
26.375 


37835 
26.10 
1.15 
25.35 


16.50 
24.1 


4.2. 


21.40 


ВМЕР 


96.00 
50.00 
$4.90 
81.75 
46.75 


[[.4 
46.0 
81.7 
91% 
68.2 


75 
bb 
36.6 
93.2. 


54.4 


5 1.0 
30.2 
71-9 


TABLE F IA 


растом F ME P 


1.69 
9.25 
6.55 
9.75 
9.06 


945 
1640 
8.14 
b 30 
6.50 


(0.0 
1.2 
10.4 

1.0 


8 
1 
> 
S 


$ ی 
час‏ 


ç 
= 


25.10 
27.05 
21.50 
29.70 
2420 


31.0 
34,4 
28.1 
20.65 
21.35 


328 
36.7 
34.1 
2245 


22.55 
25.45 
24.75 
21.53 


35.1 
23.5 
28.45 
33.68 
23.31 


12.92 
44.0 
33.6 \ 


33.05 


33.375 


3285 
31.30 
21.55 
3235 


23.46 
32.45 
[6.15 
29.47 


h ıxoıcareo | MEP 


115.10 
17.0 

111.40 
110.45 
76.45 


42.40 

80.70 
110.40 
108.45 
109.55 


101.9 
102.1 
70.8 


106.1 
76.95 
106.4 


54.94 
7340 


Heat REJECTION Care ULATIONS- 


ІНР 


(3.16 
8.81 
7.64 

15.84 

(0.42 


b.0b 
13.84 
15.15 

(5.20 

7.5! 


1 6.46 
(9.56 
(2.12 
4.04 
4.4 


12.17 


3.14 
5.34 


4° GSE 


$ 


1200 
1200 
720 
| Soo 
1500 


1300 
1800 
[500 
660 
720 


| 800 
2000 
( ОО 
400 
(O O 
1200 
соо 
600 


(SX ep) 


i39 200 


92500 
80 250 


195 500 
14 700 


63600 


145200 
165 800 


6S 150 
74,000 


143%00 


205400 
197500 


45500 


40170 
127 300 
32904 
50040 


YA? 


28.6 
23.55 
20.50 
31.60 
37.10 


21.30 
30.50 
39.10 

(9.30 
“040 


35.00 

35.20 
29.10 
22.40 
14.70 


25.25 
/2.20 
[6.65 


Ма. 
иык ы 


,0229S 
01534 
‚01355 
‚02730 
.0/%700 


0//5 
.02%0 
02658 
.0109 
.0/30 


.0320 


.0 3387 
.0 2127 
01546 
.2092 
‚02130 
‚ 90.596 
‚00975 


Ма/ 


.001432 


.000 960 
000846 
01706 
001: РР 


‚000719 
00/300 
100/660 


-00068! 
.С00812 


. 0020200 
.0021tf 


.O/ 830 


.00096 6 
000974 
.00/ 330 

000366 
000609 


95. 








TETE! 





Ком 


ы‏ ن م ب مد ی ےر نچ چ چچ 


АТ H10 RoTAMETER W u20 


READING 


31.6 
435 
44.3 
44.6 
45.2 
34.5 
34.5 
39.5 
380 
38.0 
38.0 
39.0 
37.0 
37.0 
54 
54.5 
54.5 


(5.42 
1254 
17.70 
11.75 
17.85 
15.54 
15.84 
1654 
19.57 
[657 
16-57 
(6:15 
16.38 
16.38 
19.40 
(9,48 
19.48 


вто 


679 
111.5 
920 
180 
114 
977 
926 
$25 
927 
993 
1104 
(190 
1096 
982 
фа! 
623 
720 


heeae BMEP 
22.9 48.40 
22.18 86.10 
23.26 90.50 
14,25 55.50 
940 2400 
23.53 41.50 
9.10 7440 
14.40 4835 
(1.80 4595 
(6.70 lo 500 
2330 9250 
21.40 63.25 
16.30 63.45 
11.20 43,55 
17.45 51.40 
12.30 41.80 
16.95 65.90 


HEAT REJECTION CALCULATIONS - 


TABLE F-X 


h FRICTION FMEP h IM OICATED | МЕР 


«—— EROM Соғув5-- 


b.63 
618 
6933 
7.50 
180 
720 
7.40 
7-81 
8.30 
1.92 
1.58 
8.33 
6-61 
9.10 
lo $4 
1.30 
1.04 


25.8 
26.4 
27.4 
2.4.2 
30.3 
45.0 
28.9 
30.4 
22.3 
30.8 
49.5 
32.4 
335 
354 
26.6 
2$.4 
21.4 


t he 


2443 
28.96 
30.24 
231.75 
16,70 
30.73 
26.50 
20.21 
20.10 
24.02 
31.38 
44.13 
24.44 
20-30 
24.28 
|4.60 
2344 


Г» £j 
о 


110.6 
112.45 
113.70 
64.70 
64.40 


ı 18.50 
104.10 


18.65 
18.25 
95.80 


{2200 
{15.65 


96.95 
79.45 
44,50 
16.20 
9330 


| АР 


u p, 


17.7 
23.2 
30.24 
21.75 
(6.10 
33.80 
29.10 
2220 
96.10 
34.0 
40.7 
24.5 
81.3 
30.4 
14.6 
(5.1 
14.2 


b GSE. 
> 
ЕТ/ са 
120 19 500 
960 (08000 
(200 (41,100 
1200 101,100 
(200 11950 
1320 157600 
1320 ( 36,200 
1320 104,000 
1560 122,000 
1560 149,400 
|500 140 100 
(860 208000 . 
1800 174,000 
1880 [42000 
120 68008 
960 13100 
2 60 89600 


(mer) YE 


| 9.94 
21.45 
25.60 
A1-20 
19.85 
ALIS 
25.70 
2440 
25.15 
21.60 
3080 
33.04 
3040 
21.25 
{7.25 
11.60 
2020 


Ma 


# A R/sec 


.0284 
.0387 
.04%0 
.0350 
0215 
0558 
(047% 
0356 
0425 
05215 
0662 
.0 136 
0624 
.0 481 
02351 
‚02589 
0322 


Ma/g? 


.000184 
.004015 
001378 
.000990 
0007 6$ 
‚001590 
¿001318 
000987 
. 00478 
.6014 61 
001635 


.Oo 2 040 
.001730 


-001 339 
.000653 
«000718 
:090843 


94. 
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= OBSERVERS: \Wlitxinson & MiTCHELL 
ASME STD. S@.EDGE TABLE Е Xl 
Оғағасы Dia» .413" 
Spark Аоманс 25° BIC HEAT REJECTION RUNS 22 GSE 
м TEMPERATURE S — —T-s  — -«————— PRESSURES TEMPARATU РЕ $ ——————— Ps 
Time Run RPM [тоюу Cyr Heno |чьет Ая ШАТЕР То Мн Вяме Пун.КЕ^о. (AP) ate Foer Rora. Pi Pe г (2P) nao WATER [go On Feom Me Bewo WatER To Waree Feon WATER 
SPEED ENGINE Е READING INTAKE GXWAUST e@RIFICE ENGINE Sume INLET Oi Ротаметке CooLer RotameTeR 
FT/MIN Š о (= ° o ШТ К.О “На “ц, "Hc e e o о o | 
1042-9 \ 1440 20 3235 16 | 140 154 au 3.7 5.4 -20 1.0 О 16.6 ISO 149 140 ISO 122 25.3 
+10 A-5 al 1440 720 331 163 140 155 21.4 2.7 5.4 - 2.0 1.0 о 15.0 156 152 142. 150 122 25-4 
+20 3 1440 740 335 160 140 155 21.4 3.7 5.4 "AO 1.0 Ó {5.6 150 150 142. {50 122 254 
+30 4 1440 720 335 54 (40 155 21% 37 5.4 “210 1.0 0 (0.0 150 150 142 144 i2 25.6 
32-0 i 2400 1200 33} 160 190 ‚77 та 3.0 5.15 -13.40 1.0 0 [6.6 150 [44 140 150 122 28.3 
+10 A-C 2 2400 1200 330 165 (40 119 3.5 3.0 5.15 -13.80 1.0 о (0.0 150 152 142 150 122 25.4 
+20 з 2400 1200 328 160 140 179 3.5 3.0 545 - 13:46 1.0 o (6.6 150 150 142 150 122 25.4 
+30 4 2400 1200 327 160 140 11% 3.5 3.0 SAS - 13.90 m 0 lab 149 150 Ey! 144 121 25.6 
1253-0 i 2400 (200 352 ТА 141 178 5.0 4.45 5.8 - (0.0 1.0 0 16.6 151 144 141 15 | 119 ed 6.0 
f° Aq 2 2400 1200 348 ТА 134 174 €.6S 4.45 5.8 -10.0 1.0 0 16.6 (44 152 143 144 (17 25.1 
+20 3 2400 1200 353 ТА 134 179 8.70 4.95 5.8 - 10.0 1.0 0 16.6 ISO 153 144 (50 "t 297 
% 30 4 2400 1200 352 اا ا‎ 139 179 $.70 4.95 5.8 - 10.0 1.0 0 lb. b 150 154 142 (50 11$ 25.15 

1395-0 1 3600 1800 44\ 160 137 199 1350 22.85 5.40 - 240 1-0 о 16.6 153 (54 145 ЕЕ, 114 42.% 
tio A9 2 3600 1800 438 (е0 137 2.00 13.50 22.85 6.40 -2.10 1-0 0 (е. 150 (49 143 154 us 42.6 
+20 3 3600 1800 425 160 137 201 13.50 22.55 3.90 -2.0 Lo 0 16.6 (53 153 121 152 US 43.0 

1415-0 | 2400 гаос 392 163 138 174 19.50 10.60 7.15 -2.0 1.0 O 16.6 ЕЗ 151 143 T 111 25.8 
+16 КД 2 2400 1200 393 162 138 179 19.60 10.65 141 - 2.0 (.0 O 16.6 151 151 143 151 112 Ab. 2 
420 3 2400 1200 392 162 138 (79 19.50 10.65 1.11 -20 1.0 0 16.6 151 l SI 143 151 112. 26.2 

1520-0 \ 3600 ¡800 3€ 4 154 138 199 4.60 10.45 7.12 - 10.0 2, о 16. 151 150 12.0 151 jo 19.5 

tio 440 2 3600 1800 388 l 60 139 200 4.65 10.40 1.10 - 10.0 1-0 о TW? 152 15) 124 (52 107 | 5.6 
+30 3 3600 1800 3941 160 134 200 4.70 10.46 1.10 -10.0 1.0 о (0.0 152 150 123 152. (01 18.6 
1690-0 | 2980 1440 410 16| 137 | $5 11. 3 15.3 7.44 - 2.0 1.0 ° о.о 151 146 137 151 102 20.0 
ғо Au2 3.880 1440 4۱12 (61 19% 1%7 [7:2 15.3 1.93 - 2.0 1.0 Š 10.0 152 154 143 152 (03 20. 2. 
+40 3 2880 1446 412. 161 138 185 11.25 15.3 444 -2.0 1.0 0 16.6 152 150 142. 1 52. 103 40.2 

| А PRI L \ 9 5 2, Wusınson & M acuecc 

1295-0 \ 2880 1440 365 10! (34 195 6.95 5.40 1.37 -10.0 1.0 9 (6.6 150 150 142 150 (04 17.0 

чо А423 2%%0 1440 302 162 134 (87 1.05 0.90 1.37 - 10.0 1.0 0 16.6 150 144 141 150 109 (0.4 
+20 3 2830 (440 361 163 134 187 7.05 6.20 1.87 - 10.0 1.0 0 lob 150 147 (40 150 109 11.0 
ASME STD SQ EDGE ORIFICE - Diaz - 310" Я APRIL: 19572 Baromater 153 ммиф Т 2266 Мискекь € Wixingon. 

1045-0 \ 1200 600 28$ 160 142 151 10.? 3.7 4.19 -40.25 1.0 д 16.6 148 159 140 148 128 234 
жо Al3 2 1200 600 240 (е0 142 Ei 104 3-7 4.15 - (0.30 1.0 O 16.6 148 (50 140 148 128 23.3 
+20 3 1200 600 230 ¡60 142 151 10.8 3.7 4.45 -10.35 1.0 0 16.6 148 150 140 148- 126 23.35 

1302-0 4 1200 600 300 160 142. 153 15.45 5.1 4.60 - 6.95 1.0 0 16.6 148 151 1 42. 148 124 17.5 
to dà P 1200 000 300 160 142 152 15.45 5.1 4.60 -6.45 l.o 9 16.6 148 151 (42 148 126 ла. 
+20 е 1200 bOO 300 100 142 153 15.49 5.1 4.60 - 5.48 1. О о (6.6 148 152. 142 148 125 19.2 | 
130 7 1200 соб 300 | 60 142 153 15-45 5.1 4.60 - 6.4% 1.9 о | ,ا‎ 142. 151 142 148 125 19.2 

1420-0 9 1200 соо 326 | e0 141 150 21.0 9.4 5.0 -2.15 1.0 o 16.0 1 41 148 140 144 12 3.1 
tio q 1200 eoo 324 160 а! 150 2га ФА 5.0 -2.5 1.0 S 16.0 191 . 150 141 144 13 5.5 
+20 10 1200 400 324 160 141 150 21.2 $.4 3.0 - 5 I. O o 16. t44 t50 141 194 13.3 5-0 
730 Il 1200 “60 324 160 141 150 21.2. 9.4 5.0 - 9.15 1-0 O г6. 6 141 150 141 14? #13 $6 





96. 


да 7^79 (Фе 
SERVERS: SMITA RONNE 
BAROMETER 7 + "nm ri 
ТЕМР. 1 9.8 С 4 


TABLE F-XIL 


DYNAMOMETER 13 ZO READING LISTED 
Daron [o TEMPERATURES ФЕ 


HEAT REJECT! ON NUNS 4." GS.E. Ain orzırıce 
PRESSUROS IN INCHES y TEMPS MATURE ер 


ASME STD. 0 2.0014 


TIME JIN RPM. SPEED Cyt. HEAD inter AIR MAN BENG, DyN. (ДАР F Fe Fo ar "PRO тегеш O‘ M2070 10 “toy Konner 
т, А KERONG “Ж; O ^TEEC  CXx"Agsp Ove “ад INALE име тт ROTAR Coo; EA Dong 
1163 / isco доо 43% ISI Zoo +7 a4 14.99 -Z „© © у /44 SSG ISO IS 3 5$ 55.6 
1158 е 1500 1200 BAO 1892 ко! “44 14.3 “de “О о 7 (ab e. 52 “So 83 87 3,2, 9 
iot “>? ISoo 1400 435 154 «o3 .”2% 14.4 -g Mo O о Y /40 154, ‚350 ‚so 79 326 
#-/ 4210 $ iç oo 1200 4236 ISO 503 +73 14.6 -2 4,0 © 5 139 187 “So 147 £? 27.7 
IRIS 5 ¡Soo izoo 436 150 ZOS +74 14.4 -& /. о © 3.06 ифо F4 ‚so ¿So Va 32.6 
‚240 А 1500 1200 455 ISI 403 +75 14.6 Т 7.6 о 5. 140 SST ISO ISO 90 ILA 
1530 7 1500 1200 434 ISO «0.8 + 245” 14.6 -g 1.0 ° 7 /.39.5 157 (SD ¿So Yo 324 
/3⁄O Y ¡S00 оо 377 50 ‘GF -4 6 Ұұ %5 -IO lo o 8.05 iho iso ‚so ‚so ог Jog 
1347 “4 1500 I Zoo 37% ISO 129 -4.70 6.5 - 10 1.0 ° 4.08 142 yo 50 /97 75 Зад 
235% го ISoo ixoo 374 15% / 977 - 4,62 ©. - фо 1.0 3 8.05 140 iso So ISO PH Jo./ 
в Е /4oo | IS oo ‚доо 374 ёо TY -9.72 65 - зо 10 ° 5.05 140 ISO ¿So ISO “OO Зо, 3 
140% 14 15 00 доо 576 197 /%9 -4,% 6.5 - 10 1.0 © $.0 180. 150 “$° ISO OR . Joa 
1417 13 1500 оо 7Y 757 “79 -4.$4 6.5 - 10 1.0 ° oy 1% ISO ‚so 149,3 ros” 30.0 
14 49 4 1500 ız200 377 оО SVS - 4.55 б.у - 10 1,0 © %.os ido 150 ‚so (AF. S FF ғ”? 
1973 67 Joo 720 IST 144 178 + 7.4 5:0 -g 1.0 © 8.0 /4/ (SO ‚so 149.5 тоо RIG 
28-3 ISO “G FOO PRO 360 19 9 177 7S 320 -g (10 O 5.0 /4/ ISO Iso 199 112 43./ 
"eos 17 900 720 35% iSo 17€ +745 2.0 - 4:0 © 798 1% “so so 4 11) 43 
47742, 7% Joo PRO 560 iSo 17$ +7.4 3.0 - 4.0 © 5.0 /4.9 “SO ¿SO I4qS | 42.57 
Ilo! $ 19 Joo PEO ISF is] 177 * 7.4. 5-0 -2 0 © $.0 £441.85 7/50 (SO 144.5 14) 42.57 
“Өғус/ь /%52 
OBSIERVELS (AV 7 CASE, WIA SON 
"Oz ко 1475 1500 4741 160 2/0 14,8 £06 -а5 /. © e /%О ^39 149 149 134 ES” 30.7 
1038 et 1875 ¡Soo ^ Zi IGO «^9 «$. IS ROG 2 г. © © 15,0 137 “57 ISK /.5/ 53 31.0 
79-4- (04: 42 1675 і5со 624 16| 85/5 о 9 «де» -3 (e о 15.0 PF 19% 752 151 83 21,0 
1054 23 1179 I600 421 ІЛ 2/57 “4.45 Жоо -3 о © 158.0 139 ‘Sk 152 457 3 50.7 
‚002 a 4 ,$ 75° ¡$00 430 101 27/5 4.48 4068 -3 4.0 e 18.0 139 (93 . SI 75/ 3 50,7 
Зао ДУ 18735” 1500 .2857 /с/ 2/3 -5:50 10.00 -10 ^o e go RO ISO /4? ISO 907,5: 34.6 
b. ISSO «6 1875 “Soo 387 /ФО «id -S.70 10,00 -г0 ^O e /%Ө Фо ISO /4$ “SO 78” 30, 7 
78-5 1406 27 (S78 “Soo 3 /со 5/4 -575 10,00 -!O 7.0 O 5.0 1/40 150 150 "So 179 347 
14-5 28 1875 4300 JPG /ео 214 -5,75 10.00 -/0 1:0 O /%0 40 ISZ ISO oO Ф015 54.7 


9. 
4 





91. 


R AOIL IFOR 


TAGLE С XU (cowmro.) 


HEAT REJECTION TeoN S 4“ GS. E. AIRE ORIFICE ПРъмЕ STD. Din. 
a INCHES Aa —A TEMPERATURES ФЕ 


SPEED CyL HEAD INLET AR MAIN BRA Фум. АР): кабыма ыы 7e = 


DyNAMOMETER ZERO AT O° 43 


201%" 
Piston K— TEMPETEATURES °F 


SN 


TIME RUN RPM 


Жа. Олжа, HARO 


“2 2 о th O rer MAiri Bk Ole жасу /”%О7о 
OV TIATED 


yn. "На "ao «Dre Nc бкоофовт Об: коса HALT Or «УСАА Coxe = 
\540 KF 1875 1500 3%. 104 ZIO 39% 3.6 I En) Nee o 1% LI ISO ¡So 144 105 34.5 
B-G 1550 30 115 1500 355 ге ZIO 3.45 35 5.ӱь -17.1 1.0 © 1% 14 150 150 147 1072 34.0 
¡(100 3! 1979 ¡Soo 536 161 210 3.45 5, > 5.85 -17.0 no ° 1g YT 150 So 149 106 34.4 
(85 3 Zzso 7300 4/2 160 #457 14.25” 151857 sog -55 no © 1$ 139 180 ISO /60 24 so 
78-7 1635 33 Zzso “$00 412 (ФО 525 ФФ 16.0 108 -% LO © 1% 139 190 150 ‘So S7 ФО 
1945 54 €zso 1800 4/2 (во Zas" 14 46.0 10,9 -%У „© © 1% 194 150 150 1674 PZR SO 
4 APRIL 1462 
OBSERVERS: MITCNELL, WILKINSON 
BAROMETER 767. Omm Mg 
7а5л2од RIRS °C 
046 3S i378 Боо 438 бо 2/8 454% бо 11.75 —X/ /. © © / ` (39 /582 2757 SE GR 44. / 
5-6 ¡033 36 18758 1600 440 160 RIS AT 196 4147S -3.14 4.0 ص‎ % (39 ж-е 147 sg #3 44.3 
‘Oso 37 ¡$78 ¡Soo 440 160 577. 44.9 164.6 7$. - 3. ^o © /% 139 750 199 SE 93 44.6 
B-4 11297 3% 750 Goo 3364 бо 174 46.15 375 5:6 -4 ^o e /8 /42 /6 (SO /44 411 33,6 
1146 34 750 ооо 530 160 175 42.75 375 So -4.9 4,0 e 18 “45 ISO (EO /44 sel 57.6 
“8-10 i220 41 q00 720 386 160 477 HACES 460 0.53 -20% ^o O ^8 /9/ ISO ISO 1949 105’ JEL 
240 42 qoo 72o 356 60 777 55.6 Фоо 06.53 -20% 10 e 18 41 ISO ISO 149 /0S 34.57 
1322 43 2450 1800 450 оо {RS 22.88 ZIR 13.24 - 0,05 7:0 Ф 18 135 (80 “0 457 55: 4H. 
B-il 1337 44 22%о 14700 45o IGO 225 RRIS KERZ 1564 -RIS “¿O O 7% 439 50 «зо 157 її д 2 
134% 45 4250 до 450 160 24854 22,49 RIZ 13.64 -4.75 1:0 © /5 ‚38 “50 49 194 7 
5-14 1405 46 “500 хооо 480 loo 25% 20.1 53453 4.3 “33 4.0 eo 7% #3? 757 41949 7/52 GOS 57.7 
1416 47 Фоо Zooo 450 Ico 2589 ЖО.) 3,57 /4Я.3 -33 ^O e "Y “3; SO ‚so 15 де» 57.7 
1450 44 2550 1900 #06 16} AIR И 1250 9.8 “(OZ 1.0 © 1% 137 1:62: 152 “50 9$ 477 
15-13 ¡Soo 50 Ф850 (оо 404 і RIR Wis 14,50 46 -102 1.0 O 139 159 о “SO 43 48.2 
1515 st «250 7600 %04 101 RIZ 1.20 12.50 TF -10% 1.0 O J 173% Si E- ‘SO 95 45.0 
1830 54 1425 900 364 /6O 178 2603 6.65 ZG -2о “40 Ф /8 (490.4 ISO ISO 749 /оз 545 
15-14 1040 53 1125 Чоо 364 / 60 /7Ұ | 29395 6.08 7.6 -§,0 “4.0 O ¿$ ‚40,5 “50 ISO 149 103 44 4 
1050 54- 114129 900 364 160 179 25:35 6.65 7.6 -3,0 ЖО © IS (fas so "SO 149 vos 349 











|хатги 1955 90. 


Cik, DTG EVE E, MITCHELL Wuru sO! 
TABLE Ғ- ХУ 
-_ өше ж- #4 - 
DYNAMOMETETZ ZERO AT O" Hg HEAT TEEXECTION TEONS 4° GL SE, Aire ORieice ASME STD. DIAL 401" 
Piston hk- TEMPERATURES °F I PRESSUORES INCHES Pra. TEMPERATURNE Y ° € 
TIME RUN TPM BPECD Cya WEAD ит слит өкү йӨз DYN (арене Fe Fe 7% (AZ oO ALO Aru Gq O< y MOTO ТОКУ "Lo ane 
Vain “Ма “Azo (WAKE EXHAUST Our ca IWE INEST Залет Kory Com pod KEIN DINGE 
Bie 1035 58 750 Фоо 305 190 165 1665 55 -%0 LO O 18,0 145.0 144 150 148 #6 8445 45 
1060 SC 750 6400 304 /40 165 760 Sigs -$.O 110 © 18,0 1430 149 ISO 14-4 МҰ 34.95 4,54 
uos 57 75о Фоо Z7% „ее 162 Фе 3.0 1338 HO O 14,0 1425 149 150 147 1149 503$ 3,29 
5-10 1115 5% 7S0 O00 #77 100 762 ях 3,0 -i335 1.0 O ¡$.0 143 18-4 149 147 120.5 APIS 3,29 
|) 30 644 750 GOO £77 (60 1 OR q. зо -3.3% pO O 180 143 149 150 147 AOS ENIS 3.49 
3-17 ко ФО 750 GOO 540 7/60 1@6 RI? CRY -AS 4.0 © (8.0 142 144 ISO 149 ig 306 SKZ 
zas (| 750 GOO 3/7 £60 166 RLF 32 -45 1.0 O 13.0 i 


142 149 160 14% ы, Joy 5.2 





ASME STO. SQUARE EDGEO ORIFACE DIAM. .920" 
DYNAMOHETER ZERO READING: 


TIME RUN 
1400 15 
1405 14 
1410 15 
14г25 le 
1430 17 
{455 18 
1595 19 
1519 го 
1515 21 
1540 22 
{SAS 23 
isso 24 
Gio 25 
1615 26 
1620 27 


RPM 


1300 
{ Зоо 
i300 


¡300 
{500 
1500 


1500 
1S 00 
{Soo 


Soo 
1300 
(S00 


isoo 
1500 
i Soo 


ASME STD. Sq 


1455 
1500 
1505 


1525 
1230 
1555 
1540 


iGoo 
I Gos 
¡Gro 
1615 


1649 бие ы № = 


ооо 
Ф оо 
Фоо 


Воо 
Воо 
Soo 
Воо 


&66 
e oo 
Зоо 


800 


oO" HG 
PISTON TEMPERATURES IN °F 
SPEED |CYL. HEAD INLET MN. BRNG, MN. BRNG, Oil FRO 
FT/MIN AIR INLET Oik SUMP 
15 Фо 534 igo (51 208 эо 
IS Go 553 Ке, (Si 208 160 
1 5 Go 553 {Go Si 208 So 
I SGo 554 459 151 207 I So 
(SGo 554 159 651 207 t! So 
IS Go 5.59 iGo IS) 207 So 
1800 off scale / Go ist 213 iSo 
[Воо off scale {GO {51 213 isa 
180o off scale (со 151 213 150 
{доо 554 iGo ISI 213 156 
{босо SSG {Фо (51 215 150 
isco 556 (59 ISI 215 150 
1800 5га 756 isi 212 150 
1800 524 158 1 51 2:2 150 
1800 S24 гео (SI 213 150 
VARBE EOCEO обцемее рам. 614" 
720 414 IGo 151 ic 9 iso 
720 415 159 151 (70 t So 
720 415 159 151 {To {So 
960 426 159 151 179 (50 
SGo 428 I Go 151 {80 Зо 
SGo 428 (Фо 151 „Во 130 
960 428 (Фо 151 ¡80 (So 
Әбо 444 ІШІ I6! I8o | So 
966 44 5 ig! 151 Зо 150 
960 446 {Go isi ‘90 (So 
Sto 445 tGo 15! (8o ‘So 


TABLE F-XU 


DYN. 
READING u H20 


/6.7 
(G.T 
46-7 


238 
25.8 
25.8 


21.4 
21.4 
21.3 


16.5 
16.2 
164 


11.2 
11.2 
11.2 


17.45 
17.45 
( 7.4 S 


12.5 
12.5 
12.5 
12.3 


17.9 
(6.9 
17.0 
16.9 


(СР) ия 


15.1 
15.1 
15. / 


23.6 
23.6 
23.6 


eo.t 
29.2 
E. c 


20.9 
21.0 
21.0 


13.0 
{2.9 
{2.9 


15.5 
15.4 
15.4 


(8.6 
18.6 
(8.6 
18.6 


28.6 
28.6 
28.7 
29.6 


HEAT REJECTION RUNS 


E 


-6.5 


-6.5 


-6.5 


see 
mee 
-2.2 


-e. 7 
-2.1 
-2.7 


- о 
-G 
- (> 


-1o 
-iQ 
-(O 


- © 
A 


- 9.9 
-9.9 
- 92 
- 9.9 


- 6.5 
- 0.5 
-6.5 
-6.5 


ЕС 


INTAKE EXHAUST 


G'G.S E. 
PRESSURES IN " HG 


17.4 
17.4 
7.4 


17.4 
17.9 
17.4 


1 7.9 
{ 7.4 
17.4 


17.9 
17.9 
17.4 


(7.4 
17.9 
1 7.3 


17,4 
17.4 
(7.2 


17.4 
17.4 
17.4 
17.9 


17.9 
7.4 
17.4 
179 


TEMPERATURES 


140 
до 
io 


139 
139 
139 


138 
(38 


138 


газ 
(59 
159 


{Фо 
ido 
{Зо 


192 
14 2 
14 2 


14 2 
(4 2 
142 
142 


191 
141 
141 
141 


So 
I So 
( So 


151 
15] 
isi 


152 
(S2 
{52 


15! 


131. 


151 


iso 
iSo 
750 


146 
г4 в 
“е 


(48 
145 
ав 
і48 


492 


(49 
149 


iS0 
{бо 
iso 


(S 
{51 
(Si 


52 
is2 
is2 


ISi 
ISI 
157 


(So 
{эо 
iSo 


148 
(48 
(4 6 


148 
(48 
14 8 
148 


199 
149 
149 
(49 


4 APRIL, 1952 


IN °F 


(0?) зо |H20 To Ha0 FROM Hao TO Hzo FROM HaO 
ENGINE. ENGINE ERR 


33. 


SMITH, BOHNER 


OBSERVERS : 
BAROMETER 
TEMP. 241.5 °С 
FUEL 
TEMP, 
COOLER | ROTA. oF 
90 38.0 86 
Фо 56.0 ве 
Фо 38.0 ёс 
34 38.0 ac 
за 53.0 вс 
де $8.0 86 
8 i 38.0 86 
в: 39.0 86 
81 39.0 86 
84 37,0 ёс 
84 37,0 86 
84 37.0 86 
90 37.0 86 
Фо 370 86 
96 37.0 86 


ll APRIL, i952 


OBSERVERS: 
BAROMETER 760.6 
TEMP. 235.3 * С. 
116 54.0 в: 
IIG seo Bl 
IIG 54.0 82 
IIG 54.5 8 2 
1160 54.$ ег 
иФ 54.5 82 
{© 54.5 82 
ii 2 S4.S 82 
іг 54.5 82 
112 54.5 85 
liè 54.5 & 5 


FUEL 
ROTA- 
METER 


8.55 
5.55 
8.55 


[0.8 
10.8 
10.8 


12.1 
12.1 
12.1 


10.1 
ғо.1 


JNN 
666 


SMITH | BONNER 


766.8 mm HG 


C135 


С 14 


mm HG 


NND 
Dos 
Y Y A 


SANA ada 


BAAR шамы 


0 
u 


i # aomu 
" um ed 

, чк 

, + 

.. ° 

Ad . 

„Ал, e 

LA. 04 T 





ASME STM. SQUARE EDGED ORIFACE DIAM. 


DYNAMOMETER ZERO READING : 


TIME RUN 
1005 { 
{oto 2 
1015 3 
1020 4 
1030 5 
1300 (o 
1310 7 
1315 8 
1325 9 
1423 io 
(429 li 
439 гг 
1939 13 
1445 14 
1505 5 
1510 г6 
1550 17 
1555 18 
1665 (9 
1615 20 
1620 et 
1625 ee 
125 ! 
1140 2 
1145 3 
1205 4 
(215 s 
i220 6 
240 7 
1245 3 
(#450 9 
1320 lo 
1525 ti 
1335 iz 


АРМ 


Goo 
Goo 
бос 
Фоо 
Goo 


Зоо 
Воо 
Зоо 
800 


looo 
| OOO 
(ooo 
[ ооо 
1200 


1000 
(ooo 
1000 
1600 


(060 
1000 
1000 
(000 


lioo 
1100 
1100 


1100 
1106 
1106 


1100 
1100 
1400 


1300 
1500 
1300 


PISTON 
SPECO 


FT/MIN 


720 
720 
72o 
720 
720 


960 
960 
960 
960 


I2eo 
1200 
1000 
1260 
(goo 


(200 
1800 
1200 
1200 


1200 
(260 
1200 
1200 


1320 
1320 
1520 


1820 
1320 
1320 


320 
1520 
1320 


SGo 
(1560 
| 536O 


AAG 
445 
446 
44 © 


468 
468 
470 
470 


5309 
Sil 
Sit 
Sto 
509 


470 
471 
470 
470 


441 


442 
443 


$39 
537 
534 


Sie 
517 
517 


480 
481 
481 


507 
$07 
507 


AIR 


{Со 
(Фо 
(59 
Фо 
iGo 


(со 
(Go 
(бо 
{Со 


(59 
IGo 
159 
(Gt 
| Gi 


165 
{Go 
[Go 
{бо 


{Go 
| Фо 
iGo 
l Go 


158 
I GI 
161 


iGo 
{Go 
(60 


152 
| Фо 
{Go 


159 


IGo 
(60 


O” HG 
TEMPERATURES IN — > 
CYL.HEAO INLET MN. BRNG MN. BRNG OIL FRO 


INLET OIL 


ist 
(SI 
(S! 
LS | 
(51 


151 
151 
St 
ISI 


ISI 
CSI 
ISi 
15! 
(Sl 


k 


($1 
151 
(Si 


ізі 
16! 
ISI 
ISI 


(5% 
151 
t5! 


151 
1%! 
151 


(51 
ISi 
ЕЗ 


15! 
151 
(51 


„920“ 


°F 


се 

168 
IGO 
(56 
(68 


180 
(80 
181 
181 


192 
OE 
(93 
193 
193 


194 
(94 
194 
Ха 


195 
(95 
195 
195 


193 
196 
196 


197 
197 
197 


200 
2.00 
2әо 


209 
209 
209 


sume 


150 
[50 
ISo 
iSo 
(50 


¡So 
150 
(эо 
(50 


| So 
(So 
Iso 
ISo 
164 


ISo 
I So 
150 
ЕТ. 


156 
150 
¡So 


(So 
150 
{So 


150 


150 
ET 


(50 
| So 
150 


TABLE Е- ХС 


DYN. 
READING 


ae.‘ 
22.45 
22.8 
22.75 
22.85 


22.1 

22 15 
22.23 
22.25 


23.8 
23.1 
23.2 
25.1 
23.1! 


23.4 


25.6 
23.6 


12.1 
19.1 
15.1 


(24 
12 4 
сеа 


IR: 
11.6 
и. В 


(АРА 
"H,O 


2. 
а 
,5 
а 
4 


4. 
4 
4 
4 
4 
8.0 
8.0 
8.1 
8.1 


13.4 
(5.5 
13.5 
15.4 
13.4 


6.8 
6.8 


6.85 
6.85 


3.9 
4.0 
4.0 
3.0 


17.0 
16.8 
(6.8 


е.а 
(2.4 
12.4 


6.8 
G.8 
6.8 


9.85 
9,85 
9,85 


о5 


HEAT REJECTION RUNS 


2 APRIL 


, 1952 


100. 


OBSERVERS: SMITH, BoHNER 


BAROMETER 757.G mm HG 


TEMP. 22°C 


Q"G.S.E. 
PRESSURES IN "HG-» TEMPERATURES IN °F 
Pi Fe  (APluzo | H20 TO H20 Fro Hao TO H20 FROM H20 
INTAKE EXHAUST ENGINE ENGINE ROTA- COOLER PROTA. 
МЕТЕЯ 
- 2 { 17.4 141 149 KE 105 31.6 
- 2 i 17.4 4) 149 149 105 31.7 
-2 [ 17.4 ЕН 149 149 10.5 31.7 
те ( 17.4 14 (49 149 105 21.5 
-2 I 17.4 191 199 149 105 317 
-e I т.а 1%! 149 149 105 43.6 
-2 ! (7.4 141 (49 199 105 45.5 
-2 ( 17.4 141 (49 149 los 45.6 
-2 ! 17.4 (9 149 149 [105 45.5 
-2 l 17.4 140 150 130 98 44.0 
-г l 17.9 140 (So (50 98 44,2 
-2 1 17.4 140 150 150 98 44,5 
-2 I 17.4 140 iso 156 98 44.5 
-2 | (1.4 (40 ISO 150 98 44.5 
- В ( (7.4 14, 149 149 105 43,5 
- 8 [ 171,4 LT 149 (49 105 44.8 
- 5 1.4 LI 149 149 05 44.7 
- 8 ! na (41 149 |40 105 да,а 
-12 I 11.4 (41 149 149 (09 45. 5 
- 12 I 17.4 141 (49 149 109 45.3 
- 12 г ‚7.4 (41 149 149 109 45.1 
2 ! 11.4 141 149 149 109 45. 
д Ағаш, 1952. 
OBSERVERS :; 
BAROMETER 
TEMP. 21.5°С. 
zd ( 17.4 446: (So 150 92 39.5 
-2 I 17.4 190 {So 150 92 39.5 
-2 ( 17.4 ido 150 150 92 39.5 
-5 ( (7.4 140 1So / So 95 39.5 
-5 0 / 7.4 ао (So ¡So 95 39.5 
ES l 17.4 (4 o 150 150 95 59.5 
-і0 i [7.4 140 150 150 tot 39.5 
-іө I 17:3 140 (So {50 Lot 39.5 
-10 ( 17.4 {ао t50 (So tol 59.5 
чо f 17.4 190 (So ёо 94 38.0 
-to 0 17.4 Ао (So / 50 да 58.0 
-о l 17.4 до 150 {So 94 38.0 


FUEL 


TEMP, 


79 
79 
79 
79 
79 


79 
80 
80 
80 


80 
е: 
85 
83 
85 


85 
82 
85 
8 > 


82 
82 
85 
85 


в: 
а! 
ва 


82 


95 
83 


во 
8o 
в! 


83 
83 
84 


FUEL 
ROTA- 
METER 


4.0 
4.0 
4.0 
4.0 
4.0 


SMITH, GOHNER 
766.8 mm NG 


Рей NUN зло ооо 
HHH Www SDH русо 


се 


с 5 


C4 


са 


CG 


C 7 


св 


со 


D 


QUAGAQ ya š 


Ol. 
ТАВЬ Е-Е | 


«ММУ 
LAT ALTELTTON AT VARIOUS SACHEI J LISA LAAT CAILS 
ye p 
2⁄2 &x. 76.5“ „р ии: ва a 


4 Y e. 27. 
Y ROTA “HN °F par E AUN Ж Жо; УМА UT гм Фе ав ЗЕ мета И от CTN 


TO Me ISI JSS IZIS 0 / бо 576 SGS GI GOL RIZ / FO SIE 1/966 (45 GOS PIAS 
202.75 #36 120-7 шие 30.3 Z J) FE SE/ SOE IIS 24.7 2 SO 4940/8542 135 J£ zd. 
28.6 8.95 /оо0.5 20-5 2| Z 24 20 6.54- /GS 386 24./ | 3 FI SOZ WAS /2X4 926 26.55 

/ 76? ZE /6I6 /52 26.4 í 33 S6 73$ d0.0" /34 X"6 260 2 44 56.0 /9-72 ИУ GES 24./ 

5/25 30./ И (70.5 169.0 26.21] $ “5 55.55995//9 УРЯ 26. 5 d 3IBS/6ES/ET GES 24.0 

52.7 SIE IES 156:./ 20 6 ФР? GFI. I IZR SFI 894 24.8 


22 4952 6.59 1/25 /89.I FOS. 
22222579 > 005 2023 824 


102. 


9 APRIL, 1952 


ASME STO, SQ.EQGE ORIFACE DIAM. .413? OBSEeRVERS: WILKINSOM, MITCHELL 


DYN. ZERO READING O“ HG TABLE 


Е – ХҮП 


| HEAT REJECTION AT VARIOUS JACKET TEMPERATURES 
PISTON TEMPERATURES IN °F PRESSURES IN “HG 
SPERO ICYL. HEADINLET AIR WATER TO WATER FROM MAN, BRAG] OVN, (АР) дня >; e (2. 


23" GS.E. 
——TENPERATURES IN OF: 


ТАЕ RUN RPM (у Polo FROM MN. BRNG ¡WATER TO WATER 


WATER FUEL 


FT/MIN ENGINE ENGINE READING u 4,0 INTAKE EXHAUST ОЗАЕЯСЕ SUMP INLET оп. ROTAMETER Sa OTAMETER MROTAMETEA 
1550 { 2200 1200 405 і Фо 159 152 175 17.9 10.0 - 5 © !6.Ф i So 158 162 {02 uu. 2 7.02 
2. 2400 4200 405 IGO 139 152 115 11.9 10.0 - > O 6.6 iSo 139 152 ісе {1.2 7.02 
5 2800 1200 375 iGo 19.5 127 174 11.93 10.0 ~3 о (6.6 19 8 139 (27 83 20.75 7.02 
Q 2900 1200 575 iGo 119.0 126.5 174 17.95 10.0 - 3 O IG.© 16 8 (39 126.5 6 5 20.75 7.02 
5 2400 (2.00 375 IGo 114.0 12.6.5 17а 171.95 10.0 ~3 O {С.С 150 139 126.5 85 20.75 7.02 
oc 8900 i200 362 iGo 94.5 107.5 175 (8.0 о.о -3 Q 1.6 ite 138 1075 78 48.8 7.02 
7 2400 1209 562 iGo 94.0 і 67.0 174 18.0 о.о - 5 о ¿6.6 199 139 107 78 48.8 7.02. 
В 2400 1200 Soa iGo 94.0 107.0 114 i8.o 10.0 -3 e (с.с isi 140 107 78 48.7 7.02 
U APRIL, I952 

OBSERVERS: WILKIN Soy, MITCHELL 

3 2400 Igoo 410 iGo 1506 ісе 177 18.0 9.6 ща .о © 16.6 148 140 ice {© 7.5 695 
10 2409 (гоо 412 iGo iss 169.5 178 18.4 lo. O OS T^ o 16.6 148 1۹ (69.5 118 7.65 1.02 
{| 2400 {200 410 і Фо 158 169 179 16.4 10.0 -2.6 ‚© © С.о ISI 14 | 169.0 из 7.65 7.02 
12 2400 (200 «1o iso 158 169.5 179 (8.4 10.0 -2.65 „© o 16.6 ISo [42 і 69.5 118 7.65 1.02 
15 2400 1200 456 iGo 191 Фог 179 19.2 10.0 -2.5 ° I G.G ISo a3 202 178. 330 7.02 
$ 2400 {200 455 160 191 202 {бс 19.2 10.0 ~2.3 о | 6.6 { 5с 193 202 173 354.0 702 
IS 2400 1200 415 {Со 164 17 © iso 19,0 10.0 -2.55 о (6.6 iSo 142 176 43 29.85 7.02 
I@ 2400 1200 411 | 6o 165 177 | So 19.0 {оо -2.55 о 16.6 | So 142 177 145 30.05 7.02 
17 2400 1200 413 {Со 164.5 176.5 | Во 19,0 10.0 -2.55 о 16.6 i So 142 \ 76.5 145 30.2 7.02 
{8 23400 12.00 415 iGo t64.5 176.5 180 19.0 | 0.0 -2.55 о i G.G ISo 142 176.5 144 50.5 1.02 
i9 2400 | 200 365 | бо 118 {30 177 18.8 (0,0 EM ° IG.G 198 140 | Зо (О| 45.0 7.02 
го E400 | 200 366 iGo 119 13 1 | Bo (8.8 (9.9 - 3.0 о 1 6.6 iso 141 15 | 03 45.1 7.02 
201 2400 1200 568 iGo 119 131 178 18.6 [0.0 -3.0 Ó iG.G {Soe 142 13| ог 45.2 7.02 
22 2400 l2oo 350 {со 99.5 107. 5 175 18.2 (0,0 - 3,26 о 15.6 150 192 (07,5 80 81.7 1.02 
23 2400 1200 549 | бо 55, 0 log 175 18.6 10.0 -3,20 ° 16.6 150 142 joa Во 52.0 71.02 
24 2400 1200 346 | Фо 94 107 176 18.3 10.0 = 5, | © 16.6 148 {Зо 107 19.5 51.8 7.02 
25 2400 1200 348 \бо Фа 107 176 18. 5 10.0 - 3. | О 16.6 (49 14 { 107 79.0 51.8 1.02. 


Por 0 
OBSFRUSES: 


TABLE FXIX ON TCO ike, MACIAS CA 


Asm srnoerce 4” EFFEC) OF JACKET TEMPERATURE OW HEBT TEJECSTION 4 GS,E. DyN. ZERO AT O'H« 


Pıyron j FUEL “© 
TIME TUN RPM SPEED ÇyL.HEAD MIE eer AMAN Bek, DYN (AP ue gormmeree F? Fe 75 (Ао MO nær м СЕМ Orc Feo "Oro tho Keon Rarser 
ғ“, Г) a H4 ARNG INTAKE —wrst Orce С SYMP  EsnASER_ COOLER rë qeq 
| 1104 | (Soo (FOO 988 OO 184 24.7 14.55 DEI -30 ”О © 1g / 4O0 (45, 44 1/80 2,8 "€ 
B-t 11 14 5 ¡Soo ¡RO 390 ибо “ES & 1 12.899 97 -3.0 © О /% 40 50 ¿SO мо 820 /4.% 
1124 3 1600 иФдо IFO „0 835 RAT 12.55 Ф%/ -3.0 ^o e 18 40 (SO ISO (ZO 9,0 12.7 
Ба 444 4 «Seo доо 408 /ео /ФО 24.7 /250 9,50 “3.0 ЖО O /? /ФО 150 ¿SO 70 vow Wx 
1 XO | 5 edo (доо 409 ‚wo /%0 247 (260 9.80 ZO de O o /? "eo /50 “50 FO 160% 1.7 
8-ш 1246 7 (S00 /#с© 4/0 160 VFO 05/1 1240 9.7? -20 1-0 © /$ /8/ О (SO To (71 527. 
Зо | ç ¿EDO (Фоо Lil ФО 4190 46/1 Зо 7.7 TO 70 e cg ибо о “SO (IT „Зе ZOS 
1345 Il |500 1200 36? 100 19% 469 1248 9.80 -3o ^o e /% “Зз (47 327 143 FOS 55.9 
Bry i400 ız ¡5600 1200 5606 ILO 1%% 545 17.10 9.79 -20 4.0 © /8 13 / (80 1502 1490.5 97 «52.% 
1410 13 ¡Soo 1%00 369 160 13% 49 1440 777 -230 ло O /% /29 450 2937 379 #7 5.7 
440 14 Iboo 1400 369 100 ISE 44.5 1240 9.77 -30 4.0 O /% LE? 1/52 (ISO “97 %7 36.9 
в” 1441 187 1560 доо 556 60 4/87] 54252 /240 Ф7%Ұ 730 ^o © /Ұ Jl4 ISO “50 124 2 54,5 
1456 10 ISCO 1400 396 ‚00 188 Zu. (12.40 9.73 30 ^O © /8 иЯ ISO ¿SO KB %/ 58,6 


hos 
4, 


+ 





LSID 
147, / ди SPE 
FTI NN. 


200 
12 ОС 
1200 
1200 
/200 


/C OO 
1200 
¿200 


LLES 41000 
//Jo 000 
114-0 1000 
IPHS 1000 
”70 1000 


200 /OOO 
2/0 /000 
SEES 000 
/270 /ООО /200 
I23S 1000 1200 


О [000 1200‏ 12.5 
200( 000( کی تر 
000/200( 300‚ 


Ия C4000 1200 
//РО (000 /200 
4125 L000 /200 
1130 1000 (200 


1210 (000/200 
2/5 1000 2002 
/220 (000 f200 


/ 27.55 /ооо гоо 
JS “ООСО/РОО 
300 /ООСО/>ОО 


i. T-EE SAAT YS 
” LOON LX 
LAT A-Z ON AT 7711225, NACAET ГЛОГ Z б GCSE 
TEMPERATU TEMPERATURE ENPERATURE FE 
YEL INLET АЖЖ E. С E IYN AA p^ же IPO O O/X feo A TTS WATER WATER ГО AVG- 
АЛЛА INLET ао Жы, LNIANE EN AGT мот го 14072 Го FAR Jo EROM | ROTO Mx 
27% (Ye SaO %6 “6 “Alo \SUNP BGAR. ACAD) ROTO 2 ENS. NG. or 
80 60 IGS .706 2/6 12.3 -ZO ИО ИГ ^4" (5! SEES и ГО М и TZE {JES 
80 4/60 же $07 2/6 12.4 -жо о 1/7“ 150 /87 з8.5 109 03 1/49 149 ти по 
80 ¡60 (87 506 2AS /2.35 Xo LO ZZE 750 750 SSI KAS 104“ /40 /49 SO (FAS 
ao 6/ 187 OF 2/6 /24%-%0 LO CAE 157 150 SEI 750 (ОФ 140 150 Ж им 
8g /6/ IEE 505 2/6 /2.55-5.0 Оо и“ 157 "d" GFE KIO (ОР „же /”о я“ ия 
S/ £60 18.9 SOO 2,-//227-.5/ ИО М {EE /“Ғ ғ /42 IA ОР МР TA 137 
B! 89 JEE LOE WS 2.35 3/ LO 7 1/50 150 AJ.O /41 3! зи И ZZ ^3 
SL во (39 та =. 5 2.3530 NO />ж /22 SJS? HI ‚do GO 130 /Ж2 ди ия 
92 /60 /99 496 2/6 ;2.57-40 JO {ZE SO узо 93.0 мо 90 /%0 /40 24 ^M 
82 60 „#2 2 IE WewxSuo ИО ИГ 150 240 40 Ш 90 130 SFO 7E IS 
d/ „ед £83 725 2/2 >? ?“7“220 0 м и /50 SOS /29 SE Ш (LEI CF з 
E! 7529 1/99 343% 2/.6 /23%-7%.0 Фо РА SO ГРО SOFI 129 7 HE [29 FF РУХ کک‎ 
OP (60 183 445 206 2.35 -Ж 9 /.0 SRE 150 1350503 129 FE WE JEL TA rye کک‎ 
Ш ШРИ ДӘ تے ی‎ се ОЯТ 
78 60 /86 S26 2/0 /22% -250 NO "Z4 "40 757 E /60 IS /SO 1/60 TA ZSS 
78 060 1/86 3238 PLL (2.33 "FO FO YF SSO SIV IE ибо БЕ SFO Ибо ЯМ 15 
78 AS 187 S23 Qu^ DS OS ^O IT HF VEO SIV d £60 IE SO ибо 7.4 ASS 
73 A9 {EE SZF 210 12. 335 -3./ ИО SPF 150 жя/ 96 /60 6 150 £60 74 155 
EL /Eo £90 535 220/2358 3.0 LO Я ^50 /%“7 36.7 //2 120 (68 f 72 ЛЯ YET? 
82 /60 7/90 2S 22.2/29%-%.0 /.O 47.4 SEO /27 385 172 120 162 ИГО 7% 167 
ES (60 (2 S34 22.0 /2. 35 3.0 LO JPA 150 157 38.5 ПУР {JLO /62 172 ?Ж /67 
83 /ЕР 49! SES го 23 -30 "oO IFA 159 И 44I LOF IAE SA ER ТЯ ИЯ 
Өз иви ^9" 6253 22.1 1235 :3.0 "no „7 180 Ил МУ SER, //? /% (64 JA IS 
953 /60 191 РУ >22.//Р?%2-20 NO ИЛ пе И ALS ИБ“ ПР Я 16“ FF III 


SAP Ra, A GSA 
OBSERVERS. 


р vwreE- 


105. 
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